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. SUMMARY oF OBJECTIVES, CONCLUSIONS, AND | MPLI CATI ONS
WTH RESPECT TO OCS O L AND GAS DEVELOPMENT

The objectives of this study were to obtain: 1) a qualitative and
quantitative inventory of dom nant epibenthic Species within the study
area; 2) a description of spatial distribution patterns of selected benthic
invertebrate species, and 3) prelimnary observations of biological inter-
rel ationshi ps between selected segnents of the benthic biota.

The trawl survey was effective, and excellent spatial coverage was
obtained. One hundred and thirty-three (133) stations were successfully
occupied yielding a mean epifaunal invertebrate bionmass of 2.6 g/nf.
Taxonomic analysis delineated nine (9) phyla, 19 classes, 82 famlies,

124 genera, and 168 species of invertebrates.

Three phyla - Mollusca, Arthropoda (Crustacean), and Echinodermata -
dom nated in species representation with 47, 42, and 36 species taken, re-
spectively. The sane phyla dom nated in biomss, with Arthropoda contrib-
uting 71.4% of the total, Echinodermata with 19% and Mollusca With 4.6%

The snow crab, Chionoecetes bairdi, contributed 66.2% of the total
epifaunal invertebrate biomass. Qher arthropods of significant biomss
were the pink shrinp, Pandalus borealis, and the box crab, Lopholithodes
foraminatus.

| nportant echinoderns were the brittle star,:Ophiura sarsi, the sea
stars, Ctenodiscus erispatus and Pycnopodia helianthoides, and the heart
urchin, Brisaster townsendi.

O the molluscs, the scallop, Pecten caurinus, and the snails, Neptunea
lyrata and Fusitriton oregomensis, dom nated.

Some areas of hiological interest were identified. Stations 74-C and
D, south of Hinchinbrook Entrance had a high diversity of fishes and inver-
tebrates. Mst species found here were abundant. Stations 94-A and B,
|ocated off Icy Bay, were characterized by an abundance of three species of
fishes and the near absence of epifaunal invertebrates.

The hi ghest biomass val ues for Chionocecetes bairdi, Pandalus borealis,
Ophiura sarsi, and Ctenodiscus crispatus were recorded southeast of Kayak
Island, in the vicinity of the Copper River delta. Large concentrations of
fishes were also found here. The productivity of this ar.a is thought to be



enhanced by the nutrients supplied by the Copper River and/or the presence
of clockw se and counter-clockw se gyres.

Limted trophic interaction data were conpiled during this survey.
However, inferences from other Quter Continental Shelf Assessnent Program
(OCSEAP) investigations suggest that food groups used by the domi nant north-
east Qulf of Al aska (NEGOA) invertebrates are sonmewhat simlar throughout
their ranges.

A large number of the epifaunal species collected in the study area
were either sessile or slownoving forns. It is probable that many of these
organi sms prey upon deposit-feeding infauna as they do in the waters of Cook
Inlet, Kodiak, the Bering Sea, and the southeast Chukchi Sea. Many of these
epifaunal species would be affected by oil spills either because of their in-
ability to leave the area or as a result of their food dependence on deposit-
feeding species that incorporate sedinment in the feeding process. Experinen-
tation on toxic effects of oil on snow crabs, king crabs and pandalid shrinps
have been carried out by other investigators.

Initial assessment of the data suggests that a few unique, abundant,
and/or large benthic species (snow crabs, shrinps, brittle stars, sea stars)
are characteristic of the areas investigated and that these species may re-
present organisnms that could be useful for nonitoring purposes. Two biolog-
ical parameters that should be addressed in conjunction wth petroleumsrelated
activities are feeding and reproductive biology of inportant species. It is
suggested that an intensive program designed to exam ne these paraneters be
initiated well in advance on industrial activity in the oil |ease areas.

1. I NTRODUCTI ON

General Nature and Scope of Study

The operations connected with oil exploration, production, and transpor-
tation in the northeast Qulf of Al aska (NEGoA) Wi |l present a wi de spectrum
of potential dangers to the marine environment (see O son and Burgess, 1967,
and Malins, 1977, for general discussion of marine pollution problens). Ad-
verse effects on the nmarine environnent cannot be quantitatively assessed,
or even predicted, unless background data are recorded prior to industrial
devel opnent.  Insufficient long-term information about an environnent, and



the basic biology of species in that environment, can lead to erroneous
interpretations of changes in species conposition and abundance that m ght
occur if the area becomes altered by industrial activity (see Baker, 1976;
Nel son-Smith, 1973; Pearson, 1971, 1972, 1975; Rosenberg, 1973, for general
di scussi ons on benthic biol ogical investigations in industrialized marine
areas) . Populations of marine species fluctuate over a tine span of a few
to 30 years (Lewis, 1970, and personal conmmunications), but such fluctua-
tions are typically unexplainable because of absence of l|ong-term data
(Lewis, 1970).

Benthic invertebrates (prinmarily the infauna but also sessile and slow-
movi ng epifauna) are useful as indicator species for a disturbed area be-
cause they tend to remain in place, typically react to |ong-range environ-
nmental changes, and, by their presence, generally reflect the nature of the
substratum  Consequently, organisns of the infaunal benthos have frequent-
|y been chosen to nonitor long-term pollution effects, and are believed to
reflect the biological health of a marine area (see Pearson, 1971, 1972,
1975; and Rosenberg, 1973, for discussion on |ong-term usage of benthic Of-
ganisns for monitoring pollution). The presence of |arge nunmbers of benthic
epifaunal species of actual or potential comercial inportance (crabs,
shrinps, snails, fin fishes) in NEGOA further dictates the necessity of un-
derstandi ng benthic communities since many commercially inportant species
feed on infaunal and smal| epifaunal residents of the benthos (see
Zenkevitch, 1963; and Feder, 1977a, 1978a; and Feder et a«l., 1978; Feder and
Jewett, 1977a, b) for discussions of the interaction of commercially inpor-
tant species and the benthos). Any drastic changes in density of the food
benthos could affect the health and numbers of these econonically inportant
speci es.

Experience in pollution-prone areas of England (Baker, 1976; Smith,
1968), Scotland (Pearson, 1972, 1975), and California (Straughan, 1971) sug-
gests that at the conpletion of an exploratory study, selected stations should
be examned regularly on a long-term basis to nmonitor species content, diver-
sity, abundance and biomass. Such long-term data acquisition in NEGOA shoul d
make it possible to differentiate between normal ecosystem variation and
pol lutant-induced alteration. Furthernmore, intensive investigation of the



food habits of benthic species of NEGOA are also essential in order to under-
stand trophic interactions there and to predict changes that mght take place
once oil-related activities are initiated.

The intensive traw study considered in this report delineates the
maj or epifauna on the northeastern Qulf of Alaska shelf. The information
obt ai ned on faunal conposition and abundance in this investigation now repre-
sents a general data base ‘to which future changes can be compared. A mgjor
portion of this data is presented in Jewett and Feder (1976). Long-term
studies on life histories and trophic interactions should ultimately define
functional aspects of comunities and ecosystens vulnerable to environnental

damage, and shoul d help determine rates at which damaged environments can
recover.

Rel evance to Problems of Petrol eum Devel opnent

Lack of adequate data on a world-w de basis makes it difficult to pre-
dict the effects of oil-related activity on the subtidal benthos. However,
the recent expansion of research activities in NEGOA should ultimtely enable
us to point with some confidence to certain species or areas there that m ght
bear closer scrutiny once industrial activicy is initiated. It nust again be
enphasi zed that a broad tine frame is needed to conprehend |ong-term fluctu-
ations in conposition and density of benthic species; thus, it cannot be ex-
pected that short-term research programs will result in adequate predictive
capabilities. Assessnment of any ecol ogical system nust always be a continu-

i ng endeavour.

As indicated above, infaunal species tend to remain in place and, con-
sequently, have been useful as indicator species for disturbed areas. Thus ,
cl ose examnation of stations with substantial conplenents of infaunal Species
is warranted (see Feder and Matheke, in press, for coments on infaunal ben-
thos) . Changes in the environnent at these and other stations with a relative-
ly large nunber of species mght be reflected in a decrease in diversity of
species with increased dom nance of a few (see Nelson-Smth, 1973, for further
di scussion of oil-related changes in diversity). Likew se, stations wth sub-
stantial nunbers of epifaunal species should be assessed on a continuing basis.
The effect of loss or reduced nunbers of specific epifaunal species to the
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overal | trophic structure in NEGOA can be conjectured on the basis of
avai |l abl e food studies (Feder, 1977a; Feder and Jewett, 1977a,b; Smith
et al., 1978; Feder, 1978a; Jewett, in press; Paul et al., in press).

Data indicating the effect of oil on subtidal benthic invertebrates
are fragnentary (Nelson-Smth, 1973; Boesch et al., 1974; Mlins, 1977),
but it is known that echinoderns are “notoriously sensitive to any reduction
in water quality” (Nelson-Smth, 1973). Echinoderns (ophiuroids: brittle
stars; asteroids: sea stars; holothuroids: Sea cucunbers) are conspicuous
menbers of the benthos of NEGOA and could be affected by oil activities
there. Two echinoderm groups, asteroids and ophiuroids, are often conponents
of the diet of large crabs (Cunningham 1969; Feder, 1977a; Feder, 1978b;

G Powel |, ADF&G, pers. comm.) and a few species of demersal fishes (Snith
et aZ., 1978; wigley and Theroux, 1965).

King crabs (Paralithodes camtschatica), snow crabs (Chionoecetes bairdi)
and pandalid shrinps (e.g. Pandalus borealis) are conspicuous nmenbers of the
shal | ow shel f of NEGOA and support commercial fisheries of considerable im
portance there. The effects of Cook Inlet crude oil water soluble fractions
on the survival and molting of king crab and coonstripe shrinp (Pandalus
hypsinotus) | arvae were exami ned by Meckl enburg et al. (1976). Low concen-
trations (<0.54 ppn) of oil produced a moribund condition (cessation of
swmring) in all larval stages and ultimately caused death. Mlting of both
species was permanently inhibited by exposing larvae for 72 hours at crude
oil concentration of 0.8 to 0.9 ppm Larvae that failed to nolt, died in
seven days. Laboratory experiments wth postlarval C. bairdi have shown that
postmolt individuals lose nost of their legs after exposure to Prudhoe Bay
crude oil (Karinen and Rice, 1974).

Little other direct data based on l|aboratory experinents are available
for subtidal benthic species (see Nelson-Smth, 1973). Thus , experinentation
on toxic effects of oil on other common nenbers of the subtidal benthos shoul d
be strongly encouraged in future Quter Continental Shelf (0cS) prograns.

A direct relationship between trophic structure (feeding type) and bottom
stability has been denonstrated (Rhoads, 1974). A diesel fuel spill resulted
in oil becomng adsorbed on sedinment particles with the resultant nortality of
many deposit feeders living on sublittoral nuds. Bottom stability was altered
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with the death of these organisms, and a new conplex of species becane estab-
lished in the altered substratum Many NEGOA infaunal species are deposit
feeders; thus, oil-related nortality of these species could |ikew se result

in a changed near-bottom sedimentary regine wth subsequent alteration of

speci es conposition. An understanding of these species as well as epifaunal
organi sns and their interactions with each other is essential to the devel op-
ment of predictive capabilities required for the NEGOA outer continental shelf.

111.  CURRENT STATE OF KNOWNLEDGE

Little was known about the biology of the invertebrate benthos of the
northeast CGulf of Al aska (NEGoA) at the time that Quter Continental Shelf
Environmental Assessnent Program (0CSEAP) studies were initiated there, al-
t hough a conpilation of sone relevant data on the Gulf of Alaska was avail -
abl e (Rosenberg, 1972). A short but intensive survey in the sumrer of 1975
added sone benthic biol ogical data for a specific area south of the Bering
G aci er (Bakus and Chanberlain, 1975). Results of the latter ongoing study
are simlar to those reported by Feder and Mieller (1975) in their OCSEAP
investigation. Sone scattered data based on traw surveys by the Bureau
of Commercial Fisheries (now National Marine Fisheries Service) were avail-
able, but nuch of the information on the invertebrate fauna was so general
as to have little value.

In the summer and fall of 1961 and spring of 1962 otter traws were
used to survey the shellfishes and bottonfishes on the continental shelf
and upper continental slope in the GQulf of Al aska (Hitz and Rathjen, 1965).
The surveys were part of a long-range program begun in 1950 to determne the
size of bottomfish Sstocks in the northeastern Pacific Ccean between southern
Oregon and northwest Alaska. Invertebrates taken in the trawls were of
secondary interest, and only major groups and/or Species were recorded. In-
vertebrates that conprised 27 percent of the total catch were grouped into
ei ght categories; heart urchins (Echinodermata:Echinoidea) , Snow crab
(Chionoecetes bairdi), sea stars (Echinodermata :Asteroidea) , Dungeness Crab
(Cancer magister), scallop (Pecten caurinus), shrinps (Pandalus borealis,

P. platyceros, and Pandalopsis dispar), King crab (Paralithodes camtschatica),
and miscellaneous invertebrates (shells, sponges, etc.) (Hitz and Rathjen,
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1965) . Heart urchins accounted for about 50% of the invertebrate catch
and snow crab ranked second, representing about 22%  Approxinmately 20%
of the total invertebrate catch was conposed of sea stars.

Further know edge of invertebrate stocks in the north Pacific is scant.
The International Pacific Halibut Comm ssion (IPHC) surveys parts of the
Gulf of Alaska annually and records selected commercially inportant inver-
tebrates; however, non-comercial species are discarded. The benthic in-
vestigations of Feder and Mueller (1975), Feder (1977a), and this report
represent the first broad-based qualitative and quantitative exam nations
of the benthic infauna and epifauna on the shelf of the Gulf of Al aska.
Ronholt et al. (1976), review the history of commercial fisheries in the
northeast Gulf of Al aska, and give data fromfishing activities there.

Information in the literature has uncovered data that will aid in the
interpretation of the biology of some dom nant organisns in the Gulf of
Al aska (see Feder, 1977b).

Exam nation of trophic relationships of selected infaunal and epifaunal
species was initiated in 1976 as a part of the lower Cook Inlet and Kodiak
I nvestigations (Feder, 1977a; Feder and Jewett, 1977a). Food studies by Smth
et aZ. (1978) and the present report will contribute to an understanding of
trophic relationship in NEGOA

V. STUDY AREA

One hundred and forty (140) stations were occupied in conjunction wth
the National Mrine Fisheries Service Resource Assessnent traw survey
(Ronholt et al., 1976) which sanpled a grid extending from the western tip
of Montague Island (148°W Longitude) to Yakutat Bay (140°W Longitude) (Fig. 1).
Sanpl es were taken to a maximum depth of approximately 500 meters (274 fathons).

v.  SOURCES, METHCDS, AND RATIONAL OF DATA COLLECTION

Epi fauna was col |l ected onboard the MV lerth Pacific in the northeastern
@l f of A aska (NEGoA) from April 25 to August 7, 1975. One-hour tows (a
standard tow) were nade at predetermned stations (Fig. 1) using a commercial
sized 400-nesh Eastern otter trawl with a 12.2 neter horizontal opening. All
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invertebrates currently of non-commercial inportance were sorted on shipboard,
given tentative identifications, counted, weighed, and aliquot sanples pre-
served and | abeled for final identification at the Institute of Marine Science,
University of Alaska. Hermt crab weights included shell weights. Counts

and weights of comercially inportant invertebrate species were recorded by
National Marine Fisheries Service personnel, and the data made available to
the benthic invertebrate program

Bi onass per unit area (g/mz) was cal cul ated as foll ows:

TW(+M here " weight (grams), Tw = width of trawl opening (neters),
and (Dx1000) = distance fished (kiloneters x 1000). The data basis for all
tcalculations of biomass per nf are included with the station data subnitted
to the National Cceanographic Data Center (NOoDC). Data from selected sta-
tions are included in the Appendix.

When |aboratory exam nation revealed more than a single species in a
field identification, the counts and weights of the species in question were
arbitrarily expanded from the |aboratory species ratio to enconpass the en-
tire catch of the traw.

Limted feeding data was obtained and recorded whenever time permtted.
The frequency of occurrence method was used.

vi. RESULTS
Distribution, Abundance, and Biomass

The benthic trawl programin the northeast Qulf of Al aska (NEGOA) per-
mtted the successful occupation of 133 stations. A distance of 732.24 kilo-
meters (km) were fished (8,933,328 nf) in 127.43 hours of trawing. The
total epifaunal invertebrate biomass collected was 23,447.8 kilograms (kg),
yielding a nean of 2.6 g/mz.

Taxonom ¢ analysis delineated nine (9) phyla, 19 classes, 82 famlies,
124 genera, and 168 species of invertebrates. Three phyla, Mollusca,
Arthropoda (Crustacean), and Echinodermata, dominated in species representa-
tion with 47, 42, and 36 species taken, respectively (Tables I and I1).

The sane phyla domnated in biomass also, with Arthropoda contributing
71.4% of the total, Echinodermata with 19.0% and Mollusca W th 4.6% (Tabl es
II and I11).
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TABLE |

INVERTEBRATES TAKEN BY TRAW. FROM THE NORTHEAST GULF
OF ALASKA (NEGOA) ON BOARD THE MV NORTH PACIFIC

Phylum Porifera
uni dentified species

Phyl um Cnidaria
C ass Hydrozoa
uni dentified species
O ass Scyphozoa
Fam |y Pelagiidae
Chrysaora melanaster Brandt
Class Anthozoa
Subcl ass Alcyonaria
Eunephthya rubiformis_ (Pallas)
Fam |y Primmoidae
Stylatula gracile (Gabb)
Fam |y Pennatulidae
Ptilosarcus gurneyi (G ay)
Fam |y Actiniidae
Tealia crassicornis (O F. Miller)

Phyl um Annel i da
O ass Polychaeta

Fam |y Pol ynoi dae
Arctonoe vittata (Grube)
Eunoe depressa More
Eunoe oerstedi Malmgren
Harmothoe multisetosa Nbore
Hololepida magna Mbore
Lepidonotus squamatus (Linnaeus)
Lepidonotus sp.
Polyeunoa tutu (Grube)

Fam |y Polynodontidae
Peisidice aspera Johnson

Fam | y Euphrosinidae
Buphrosine hortensis NboOre

Fam |y Syllidae
uni dentified species

Fam |y Nereidae
Ceratonereis paucidentata (MoOre)
Ceratonereis SP.
Cheilonereis cyclurus (Barrington)
Nereis pelagica Linnaeus
Nereis vexillosa Grube
Nereis Sp.

Fam |y Nephtyidae
uni dentified species

Fami |y Qyceride
Glycera sp.
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TABLE |
CONTI NUED

Fam |y Eunicidae
Eunice valens (Chanberl ain)
Fam |y Lunbrineridae
Lumbrineris similabris (Treadwell)
Fam |y Opheliidae
Travisia pupa Moore
Fam |y Sabellariidae
Idanthyrsus armatus Kinberg
Fam |y Terebellidae
dmphitrite cirrata O F. Miller
Fam |y Sabellidae
EBuchone analis (Krdyer)
Fam |y Serpulidae
Crucigera irregul ars Bush
Fam |y Aphroditidae
Aphrodita japonica Marenzeller
Aphrodita negligens Nbore
Aphrodita sp.
Class Hirudinea
Notostomobdella sp.

Phyl um Mollusca
C ass Polyplacophora
Fam |y Mopaliidae
uni dentified species
C ass Pelecypoda
Fam |y Nuculanidae
Nuculana fossa Baird
Famly Mtilidae
Mytilus edulis Linnaeus
Musculus niger (G ay)
Modiolus modiolus (Linnaeus)
Fam |y Pectinidae
Chlamye hastata hericia (Goul d)
Pecten caurinus Gould
Delectopecten vrandolphi (Dan)
Fam |y Astartidae
Astarte polaris Dan
Fam |y Carditidae
Cyclocardia ventricosa (CGoul d)
Fam |y Cardiidae
Clinocardium ciliatum (Fabricius)
Clinocardium fucanum (Dan)
Serripes groenlandicus (Bruguire)
Fam |y Veneridae
Compsomyax subdiaphana Car pent er
Fam |y Mactridae
Spisula polynyma (Stimpson)
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TABLE |

CONTI NUED

Fam |y Midae
uni dentified species
Fam |y Hiatellidae
Hiatella arctica (Linnaeus)
Fam |y Teredinidae
Banki a setacea Tryon
Fam |y Lyonsiidae
uni dentified species
Cass Gastropoda
Fam | y Bathybembix
Solariella obscura (Couthouy)
Lischkeia cidaris (Carpenter)
Fam |y Naticidae
Natica clausa Broderip and Sowerby
Polinices monteronus Dall
Polinices lewisii (Coul d)
Fam |y Cymatiidae
Fusitriton orvegonensis (Redfi el d)
Fam |y Miricidae
Trophonopsts stuarti (Smth)
Fam |y Buccini dae
Buccinun plectrum Stinpson
Beringius kennicotti (Dan)
Colus halli (Dan)
Morrisonella pacifica (Dan)
Nept unea Iyrata (Gmelin)
Neptunea pribiloffensis (Dan)
Plictifusus Sp.
Pyrulofusus harpa (Msrch)
Volutopsius filosus Dall
Fam |y Columbellidae
Mitrella gouldi (Carpenter)
Fam |y vVolutidae
Arctomelon stearnsii (Dan)
Fam |y Turridae
Oenopota SP.
Aforia circinata (Dan)
Fam |y Doridi dae
uni dentified species
Famly Tritoniidae
Tritonia exsulans Bergh
Tochuina tetraquetra (Pallas)
Fam |y Flabellinidae
Flabellinopsis sp.
C ass Cephal opoda
Fam |y Sepiolidae
Rossi a pacifica Berry
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TABLE |
CONTI NUED

Fam |y Gonatidae
Gonatopsis borealis Sasaki
Gonatus magister Berry
Fam |y COctopodi dae
octopus Sp.

Phyl um Art hropoda
C ass Crustacea
Order Thoracica
Fam |y Lepadi dae
Lepas pectinata pacifica Henry
Fam | y Balanidae
Balanus hesperius
Balanus rostratus Hock
Balanus Sp.
Order Isopoda
Fam |y Aegi dae
Rocinela augustata Ri chardson
Fam |y Bopyridae
Argeia pugettensis Dat a
Or der Decapoda
Fam | y Pandalidae
Pandalus borealis Krdyer
Pandalus jordani Rathbun

PandaZus montagut tridens Rathbun

pandaZus platyceros Brandt

Pandalus hypsinotus Brandt

Pandalopsis dispar Rathbun
Family Hippolytidae

Spirontocaris lamellicornis (Dana)

Spirontocarisarcuata Rat hbun
Eualus barbata (Rathbun)
Eualus macrophthalma (Rathbun)
Eualus suckleyi (Stimpson)
EBualus pusiola (Krdyer)

Fam |y Crangonidae
Crangon communis Rathbun
Argis sp.
Argis dentata (Rathbun)
Argis ovifer (Rathbun)
Argisalaskensis (Kingsl ey)
Paracrangon echinata Dana

Fam |y Paguridae
Pagurus ochotensis (Benedi ct)
Pagurus aleuticus (Benedict)
Pagurus kennerlyi (Stimpson)
Pagurus confragosus (Benedi ct)
Elassochirus tenuimanus (Dana)
Elassochirus cavimanus (Miers)
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TABLE |

CONTI NUED

Labidochirus splendescens (Onen)
Fam |y Lithodidae
Acantholithodes hispidus (Stimpson)
Paralithodes camtschatica (Tilesius)
Lopholithodes foraminatus (Stimpson)
Rhinolithodes wosnessenskil Brandt
Fam |y Galatheidae
Munida quadrispina Benedi ct
Famly Mjiidae
Oregonia gracilis Dana
Hyas lyratus Dana
Chionocecetes bairdi Rathbun
Chorilia longipes Dana
Fam |y Cancridae
Cancer magister Dana
Cancer oregonensis (Dana)

Phyl um Ectoprocta
uni dentified species

Phyl um Brachi opoda
Class Articulate
Fam |y cCancellothyrididae
Terebratulina unguicula Carpenter
Fam |y Dallinidae
Lagqueus californianus Koch
Terebratalia transversa (Sower by)

Phyl um Echi noder mat a
Class Asteroidea
Fam |y Asteropidae
Dermasterias imbricata (Grube)
Fam |y Astropectinidae
Dipsacaster borealis Fisher
Fam |y Benthopectini dae
Luidiaster dawsoni (Verrill)
Nearchaster pedicellaris (Fisher)
Fam |y Coniasteridae
Ceramaster patagonicus (Sladen)
Hippasterias spinosa Verrill
Mediaster aequalis Stimpson
Pseudarchaster parelii (Diiben and Koren)
Fam |y Luiidae
Lutdia foliolata Grube
Fam |y Porcellanasteridae
Ctenodiscus erispatus (Retzius)
Fam |y Echinasteridae
Henricia aspera Fi sher
Henricica SP.
Poraniopsis inflata Fi sher
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TABLE |
CONTI NUED

Fam |y Pterasteridae
Diplopteraster multipes (Sars)
Pteraster tesselatus
Fam |y Sol asteridae
Crossaster borealis (Fi sher)
Crossaster papposus (Linnaeus)
Lophaster furcilliger Fisher
Lophaster furcilliger vexator Fi sher
Solaster dawsoni Verrill
Fam |y Asteridae
Leptasterias sp.
Lethasterias nanimensis {(Verrill)
Stylasterias forreri (de Loriol)
Pycnopodia helianthoides (Brandt)
C ass Echinoi dea
Fam |y Schizasteridae
Brisaster townsendi
Fam |y Strongyl ocentrotidae
Allocentrotus fragilis (Jackson)
Strongylocentrotus droebachiensis (O F. Miller)
C ass Ophi uroi dea
Fam |y Amphiuridae
Unioplus macraspis (Clark)
Fam |y Gorgonocephal i dae
Gorgonocephalus caryi (Lyman)
Fam |y Ophiactidae
Ophiopholis aculeata (Linnaeus)
Fam |y Ophiuridae
Amphiophiura ponderosa (Lyman)
Ophiura sarst Liitkin
Class Holothuroidea
Fam |y Ml padiidae
Molpadia Sp.
Fam |y Cucunariidae
uni dentified species
Fam |y Psolidae
Psolus chitinoides H. L. Cark
Cass Crinoidea
uni dentified species

Phyl um Chordat a
C ass Phlebobranchia
Fam |y Rhodosomatiidae
Chelyosoma columbiavum Hunt sman
O ass Stolidobranchia
Fam |y Pyuridae
Haloeynthia helgendorfi igaboja Oka
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TABLE

M SCELLANEQUS DATA FOR | NVERTEBRATES COLLECTED BY
COWERCI AL TRAW. | N THE NORTHEAST GULF OF ALASKA
(NEGOA) ON THE M V NORTH PACIFIC

Nunber %z of
Phyl um of Species Speci es W (ko) % Total Wt
Mollusca 47 28.0 1089. 2 4.6
Art hropoda 42 25.0 16748. 6 71.4
(Crustacea)
Echi noder mat a 36 21. 4 4462.0 19.0
Annelida 30 17.8 2.8 <0.1
Cnidaria 6 3.6 513.4 2.2
Brachi opoda 3 1.8 49.8 0.2
Chor dat a 2 1.2 322.2 1.4
(Tunicata)
Ectoprocta 1 0.6 3.7 <0.1
Porifera 1 0.6 256. 2 1.0
TOTAL 168 100. 0% 23,447.9 100. 0%
Phyl um Subgr oup we (ko) %z of PhylumW % Total W
Arthropoda Decapoda 16692. 60 99. 7% 71. 4%
Echi noder mat a Ast eroi dea 1575. 99 35.3% 6. 7%
Ophi ur oi dea 1492. 81 33.5% 6. 4%
Holothuroidea 709. 60 15. 9% 3.0%
Echi noi dea 644. 15 14. 4% 2. 7%
Mollusca Gast ropoda 557.70 51. 2% 2. 4%
Pel ecypoda 488. 36 44. 8% 2.1%
Cephal opoda 36.91 3. 4% 0.1%
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TABLE 11

PERCENTAGE COVPCSI TI ON BY VEI GHT OF LEADI NG | NVERTEBRATE
SPECI ES COLLECTED DURI NG NORTHEAST GULF OF
ALASKA (NEGOA) TRAWI NG | NVESTI GATI ONS

Aver age Per cent age Per cent age
Per cent age of Wi ght per Weight within Vi ght from

Phyl a Total Weight Leading Speci es | ndi vi dual Phyl um all Phyla
Arthropoda 71.4 Chionoecetes bairdi 454 g 92.6 66. 2
Pandalus borealis 849 4.0 2.9
Lopholithodes foraminatus 420 @ 0.6 0.4
Tot al 97.2 69.5
Echi noder mat a 19.0 Ophiura sarsi 69 23.2 4.4
Ctenodiscus crispatus 10 ¢ 15.7 2.9
Brisaster townsendi 10 g 11.2 2.1
Pycnopodia helianthoides 482 ¢ 10. 3 2.0
Tot al 60. 4 11.4
Mollusca 4.6 Pecten caurinus 350 ¢ 43. 4 2.0
Nept unea lyrata 180 ¢ 12.5 0.6
Fusitriton oregonensis 100 ¢ 11.5 0.5
Tot al 95.0 Tot al 67.4 3.1




O the crustaceans, the famlies Mjidae, Pandalidae, and Lithodi dae
were nost inportant in terns of biomass. The snow crab (Chionoecetes batrdi)
of the famly Mjidae contributed 66.2% of the total epifaunal invertebrate
bi omass and 92.6% of the arthropod bionass (Table I11). This species was
widely distributed over the area sanpled, with the greatest density found
at Station 82-al (see Appendix) where 892 kg of Chionoecetes bairdi (1984
i ndividuals) were taken in a standard tow, or 19.8 g/mz (Fig. 2). The nean
catch per unit effort (CPUE) of the snow crab was 122 kg/hr (268 1lbs/hr).

The pink shrinp (Pandalus borealis) was al so wi despread, and accounted
for 2.9%of the total invertebrate bionmass (Table I11). The highest biomass
was taken at Station 83-Cwith 2.4 g/nf or 167.7 kg (370 1bs) taken in a
standard tow (Fig. 3). The mean CPUE was 5.3 kg/hr (11.7 lbs/hr).

Of the lithode crabs, the box crab (Lopholithodes foraminatus) was nost
abundant.  This crab was the third nost inportant crustacean in terms of
weight (Table I11). The greatest density was found at Station 86-D, where
55 of these crabs weighed 25.4 kg (56 1bs), the equivalent of 0.3 g/nf(Fig.
4). The average CPUE of L. foraminatus was 0.19 kg/hr (2 1lbs/hr).

Four echinoderm species, a brittle star (Ophiura sarsi), two sea stars
(Ctenodiscus crispatus and Pycnopodia helianthoides), and the heart urchin
(Brisaster townsendi) were found in large quantities (Table II11). The per-
cent-wei ght conposition of sea stars as a percentage of all echinoderns and
all invertebrates was 35.3% and 6. 7% respectively (Table 11). Brittle stars
(Ophiuroidea) were the second |argest class of echinoderns collected, account-
ing for 33.5% of the echinoderm biomass and 6.4% of the total invertebrate
bi omass (Table I1). Sea cucunbers (Holothuroidea), and sea urchins and sand
dol | ars (Echinoidea) conprised 15.9% and 14.4% of the echinoderm bi omass,
respectively (Table I1). Ophiura sarsi was the nost abundant echinoderm com
prising 23.2% of the total echinoderm biomass and 4.4% of the total inverte-
brate biomass. The |argest catch of this brittle star, at Station 8i-D, was
750 kg (1653 1bs) in an hour tow, equivalent to 11.4 g/nf (Fig. 5). Average
CPUE was 8.1 kg/hr (18 1lbs/hr). Geatest biomass for the small sea star
Ctenodiscus crispatus Was found at Station 80-B, with 0.8 g/ni or 55.8 kg

The data from fourteen stations (74-C, 74-D, 80-B, 81-D, 82-A 83-C, 83-E
86-D, 89-A 93-C, 94-A 94-B, 97-C, 99-D) referred to in the text are
conpil ed separately in the Appendix.
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(1231bs) taken per hour (Fig. 6). The average CPUE of this species was
5.5 kg/hr (12 1bs/hr). Pyenopodia helianthoides Was anot her widely dis-
tributed sea star. One hundred and seventy of these large sea stars (average
wei ght 0.453 kg) were taken at Station 93-C (Fig. 7). At this station the
bi omass of Pycnopodia was 1.3 g/nf or 85.5 (188 1bs) taken per hour. The
average CPUE was 3.6 kg/hr (8 lbs/hr). The heart urchin Brisaster

t ownsendi accounted for approximately 11% of the echi noderm bionass taken
inthe trawl survey (Table 111). Station 97-C yielded the largest catch of
this urchin with 2.9 g/nfor 213 kg (469 1bs) per hour; this represented
21,272 urchins ccllected during the tow (Fig. 8). The average CPUE was
3.9 kg/hr (8.6 lbs/hr).

Al'though sea cucunbers (family Cucumariidae) were found at only seven
stations, they ranked high in echinoderm wei ght conposition. For exanple,
the tow at Station 99-D contained approximately 2600 of these holothurcids
wei ghi ng 650 kg (1433 1bs), equivalent to 9.6 g/nf(Fig. 9). The average
CPUE was 5.3 kg/hr (11.6 lbs/hr).

0f the 47 species of molluscs collected, the scallop Pecten (=Patino-
pecten) caurinus was dominant. This large bivalve accounted for two percent
of the total epifaunal invertebrate biomass, and 43% of the molluscan bi omass
(Table I11). Station 83-E provided the largest catch of scallops with 1.7
g/nfor 116 kg (370 1bs) per standard tow (Fig. 10) . The average CPUE was
3.7 kg/hr (8 lbs/hr).

Snails of the family Buccinidae were the dom nant gastropod in the
NEGOA area. Weptumea lyrata was the nost abundant , with the greatest biomass
being taken at Station 89-A (Fig. 11). Here, 32.4 kg/hr (71 1b/hr) or 0.4
g/m[ were taken. The average CPUE for this snail was 1.0 kg/hr (2 1b/hr).
Ot her common buccinid snails were Pyrulofusus harpa and Colus halli.

The Oregon triton, Fusitriton oregonensis (famly Cymatiidae), was
anot her wi despread and inportant gastropod (Fig. 12). It was nost abundant
at Station 74-C where the density was 0.4 g/r%or 4.5 kg (10 1bs) taken in
a 35 mnute (non-standard) tow.  The average CPUE for this snail was 1.0 kg/
hr (2 1bs/hr).

Two areas of biological interest in ternms of species composition and
diversity enconpassed Stations 74-C and D, and Station 94-A and B (Fig. 1).
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Stations 74-C and D contained seven species of fishes (#ppoglossus
stenolepis, Bathymaster signatus, Lepidopsetta bilineata, Gadus macrocephalus,
Hemilepidotus jordani, Atheresthes stomias, and Glyptocephalus zachirus), and
had the highest diversity of invertebrates of allofthe stations sanpled.
Crustaceans (14 species), echinoderns (13 species) and molluscs (13 species)
made up 85% of the 47 species found there. The biomass of the ascidian,
Halocynthia helgendorfi igaboja, at Station 74-c was 4.5 g/m2 or 419.8 kg
(925 1bs) taken per hour. The Pacific halibut, Hippoglossus stenolepis,

dom nated the fish catch at Station 74-C with 1299 kg (3084 1bs) taken per
hour; each fish averaged 18.5 kg (41 1bs). Stations 94-A and B, off Icy Bay,
were characterized by an abundance of three species of fishes (Platichthys
stellatus, Theragra chalcogramma, and Isopsetta isolepis), and the near-
absence of epifaunal invertebrates. Although the nunber of species of fishes
was |ow, biomass was high. At Station 94-B, 4309 kg (9499 Ibs) of fishes were
taken in the one-hour tow.

Feeding Cbservations

Limted observations on the food habits of three species of sea stars
and two species of flatfishes were made in the study area (Table IV).

The forcipulate Ssea star Pyenopodia helianthoides, a predatory echino-
derm was the nmost commonly encountered nenber of the fam |y Asteridae.
Ei ghty-six specinens were examned for feeding habits, 69 (80.2% of which
had been feeding. By frequency of occurrence, the brittle star, Ophiura
sarsi, was the dom nant prey species found in 39.1% of the Pycnopodia sto-
maths examned (Table 1V). Ctenodiscus crispatus occurred in 18.8% of the
stomachs exam ned, and was second in inportance as a prey species. Seventy-
ei ght percent (78% of the stations at which Pyenopodia was found al so con-
tai ned C. crispatus and/or O sarsi. QOher prey consunmed by Pyenopodia in
order of dimnishing frequency of occurrence, were the gastropod Colus
halli, Mitrella gouldi, Solariella obscura, Oenopota Sp. and Natica clausa,
and the pel ecypods Serripes groenlandicus and Clinocardium ciliatum.

The sea star, Ctenodiscus crispatus, a non-selective deposit feeder,
was typically found with its stomach full of sedinent.

Three specinens of Luidia foliolata, a noderately sized (to 12 inches
in diameter) seastar were examned. The brittle star, Ophiura sarsi, and
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TABLE |V

STOVACH CONTENTS OF SELECTED EPI FAUNAL INVERTEBRATES
AND FI SHES FROM THE NORTHEAST GULF OF ALASKA, 1975

Percent Frequency of Qccurrence

. % of feeding %z of total
fishes fishes
Pycnopodia helianthoides (Twenty-rayed star)
St omachs exam ned: 86
Stomachs with food: 69 80. 2%
Stomach contents: Ophiura sarsi (27) 39. 1% 31. 4%
Ctenodiscus crispatus (13) 18. 8% 15. 1%
Natica clausa (D) 7.2% 5.8%
Colus halli (3) 4* 3% 3.5%
Cardiidae (3) 4. 3% 3.5%
Mitrella gouldi (3) 4. 3% 3.5%
Sedi ment  (3) 4. 3% 3.5%
Bucceinum plectrum (1) 1. 4% 1.2%
Solariella obscura (1) 1. 4% 1.27%
Oenopota sp. (1) 1. 4% 1.2%
Serripes groenlandicus (1) 1. 4% 1.2%
Clinocardium ciliatum (1) 1.4% 1.2%
Lyonsiidae (1) 1.4% 1.2%
Mediaster aequalis (1) 1. 4% 1.2%
Gorgonocephalus caryi (1) 1. 4% 1.2%
Uni dentified gastropoda (1) 1. 4% 1.2%
Uni dentified pelecypoda (1) 1. 4% 1.2%
Uni dentified ophiuroidea (1) 1. 4% 1.2%
Luidia foliolata (Sea star)
Stomachs examined: 3
Only stomachs with food recorded
Stomach contents: Ophiura sarsi (2) 66. 6% 66. 6%
Uni dentified polychaeta (1) 33 .3% 33.3%
Crossaster papposus (rose star)
Stomachs examined: 1
Only stomach with food recorded
Stomach contents: Ophiura sarsi 100% 100%
Platichthys stellatus
St omachs exam ned: 30
Stomachs with food: 30 100%
Stomach contents: Yoldia seminuda (30) 100% 100%
Siliqua sloati (30) 100% 100%
Macoma dexiosttera (30) 100% 100%
Hippoglossoides elassodon
Stomachs exam ned: 2
Stomachs with food: 2 100%
Stomach contents: Ophiura sarsi 100% 100%
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an unidentified polychaetous annelid were found in the stomachs of ILuidia.
Ophiura sarsi Was al so found in the stomach of the rose star, Crossaster
papposus.

Starry flounders (Platichthys stellatus) domi nated the catch off Icy
Bay (Stations 94-A and B) (Fig. 1). Thirty of these starry flounders were
examned for feeding habits. Al were feeding heavily on three species of
clams: Yoldia seminuda, Siliqua alta, and Macoma dexiosttera. All stomachs
were full.

Anot her common flatfish in NEGOA, the flathead sole (Hippoglossoides
elassodon), was f eedi ng on Ophiura sarsi.

Pol lutants Taken by Trawl

Pol lutants were recorded on the first two |egs of the MV North Pacific
cruise which covered an area from Mntague Island to Yakutat Bay. Thirty-
three (33) stations out of 58 (57%) contained debris which consisted primar-
ily of plastic materials such as brown and green trash bags, pieces of clear
plastic (bait wappers), and plastic binding straps. Numerous plastics of
Japanese or Korean origin were found. A variety of other pollutants consisted
of tarred paper, bottles, a steel cable, rubber gloves, a rubber tire, and
two derelict snow crab pots. This high frequency of occurrence of pollutants
within the surveyed area may give sone indication of the amount of pollution
throughout the north Pacific (Jewett, 1976).

VI1. DI SCUSSI ON

This investigation represents the first intensive qualitative and quan-
titative study of the epifaunal invertebrates of the northeast Gulf of Al aska
(NEGOA). Hitz and Rathjen (1965) surveyed bottom fishes and invertebrates of
the continental shelf in the NEGOA area; however, invertebrates were of
secondary interest. Only major invertebrate species and/or groups were re-
corded. Additional data on commercially inportant shellfish species can be
found in Ronholt et al. (1976).

The nean estinmate of biomass, 2.6 g/mz, for the northeast Qulf of Al aska
is simlar to estimates of 3.3 g/nifor the inner portions of the continental
shel f (<80 m of the southeastern Bering Sea and 4.9 g/r% for the outer portion
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of the continental shelf (mainly 80-400 m of the southeastern Bering Sea
(Feder et aZ., 1978). Benthic traw studies of the Norton Sound area and
the Chukchi Sea- Kot zebue Sound area yiel ded biomass estinmates of 3.7 g/nf
and 3.3 g/m, respectively (Feder and Jewett, 1977b). Bemthic investiga-
tions by Feder and Matheke (in prep.) provide biomass estimtes based on
grab sanples for infauna and smal| epifauna from NEGOA. The |owest val ue,
7 g/nd, and the highest value, 638 g/mz, differ from our estimates based
on epifauna only from NEGOA. The reason for difference in estimtes is
the type of gear used. Use of a commercial bottomtraw results in the

| oss of many smal | epibenthic species, and does not usually collect in-
fauna, both of which are inportant conponents of benthic bi omass. There-
fore, a nmore accurate estinmate of benthic Standing stock will always be
gai ned by combining both grab and traw val ues.

The Quter Continental Shelf Environmental Assessment Program (OCSEAP)
traw surveys in the southeastern Bering Sea and Norton Sound-southeastern
Chukchi Sea-Kotzebue Sound areas provi ded extensive information on epi-
fauna that can be conpared with data from NEGOA (Jewett and Feder, 1976;
Ronholt et al., 1976; Feder and Jewett, 1977b). The southeastern Bering
Sea exhibited greater epifaunal diversity (233 species) than NEGOA (168
speci es) and Norton Sound-Chukchi Sea- Kotzebue Sound (187 species). NEGOA
epifaunal invertebrate bionmass was dom nated by Arthropoda (71.4%, Echino-
dermata (19.0%, and Mollusca (4.6% . The biomass in the southeastern
Bering Sea stations that were less than 80 min depth was |ikew se dom nated
by Arthropoda (58.0%, Echinodermata (22.0%, and Mollusca (6.5% (Feder
et aZ., 1978). At southeastern Bering Sea stations between 80 and 400 m
the biomass was also dom nated by Arthropoda (66.9%, Echinodermata (11.19%,
and Mollusca (4.6% (Feder et aZ., 1978). In contrast, the Norton Sound
regi on was dom nated by Echinodermata (80.3%, Arthropoda (9.6%, and Mol-
lusca (4.49% and the Chukchi Sea- Kotzebue Sound region was dom nated by
Echi nodermata (59.9%, Mollusca (12.8%, and Arthropods (12.5% (Feder and
Jewett, 1977b). In general, arthropod biomass decreased toward higher
latitudes and the echinoderm biomass increased.

The highest biomass values for the snow crab, Chionoecetes bairdi, the
pi nk shrinp, Pandalus borealis, the brittle star, Ophiura sarsi, and the nud
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star, Ctenodiscuscrispatus were recorded southeast of Kayak Island, in the
vicinity of the Copper River Delta (Fig. 1). Large concentrations of fishes
were also present in this area (see Ronholt et al., 1976, for distribution
and density data for fishes there). Little is known about the productivity
of this area, but primary and secondary production may be higher there as

a result of nutrients supplied by the Copper River. A so, enhanced pro-
ductivity may be related to the presence of gyres that extend vertically
from the ocean surface to the bottom (Gait, 1976).

The two dominant arthropods, the snow crab (Chionoecetes bairdi) and
the pink shrinp (Pandalus borealis) are w despread and commercially inpor-
tant in the northeast Gulf of Alaska. Snow crabs are major food of the Pa-
cific cod (Gadus macrocephalus) (Feder, 1977a; Jewett, in press) and
sculpins (Myoxocephalus spp.) (Jewett and Powel |, unpubl.)z. Pink shrinps
are also a mpjor food of Pacific cod (Feder, 1977a; Jewett, in press) as
well as the turbot (Atheresthes stomias) and rex sol e (Glyptocephalus
zachirus) (Smith et al., 1978).

Al'though determnation of the food of snow crabs was not a part of the
NEGOA study, inferences from other investigations suggest that food groups
used by snow crabs (Chionoecetes spp.) are somewhat simlar throughout their
range. Chionoecetes opilio examned in the Bering Sea fed mainly on uniden-
tified polychaetes and brittle stars, mainly Ophiura sp. (Feder et al.,
1978) .  The deposit-feeding clam fucula tenuis, dom nated the diet of
Chionoecetes opilio from Norton Sound and the Chukchi Sea (Feder and Jewett,
1978b) .  Chionoecetes opilio from the Qulf of St. Lawence fed mainly on
cl ams (Yoldia sp.) and polychaetes (Powles, 1968). Chionoecetes opilio
elongatus from Japanese waters fed prinmarily on brittle stars (Ophiura sp.),
young C. opilio elongatus, and protobranch clans (Yasuda, 1967). Most of
the itens consunmed by C. bairdi fromtwo bays of Kodiak Island were poly-
chaetes, clans (Nuculanidae), shrinps, plants, and sediment (Feder and Jewett,
1977a) . Paul et az. (in press), exanined stomachs of C.  bairdi from | ower
Cook Inlet and found the main itens to be clams (Macoma spp.), hermt crabs
(Pagurus spp.), barnacl es (Balanus spp.) and sedinent. Chionoecetes batrdi

2Det ailed feeding information on Pacific cod and sculpins fromthe Kodi ak

shelf will be included in the Kodiak OCSEAP fi nal report.
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in Port valdez (Prince WIIliam Sound) contained polychaetes, clans, C.
baitrdi, other crustaceans, and sone detrital material (Feder, unpub. data).
Further data on the distribution and abundance of potential prey species
are necessary in order to better identify food species for better conparison
of food fromdifferent areas.

The large sea star, Pycnopodia helianthoides, preyed al nost entirely
upon gastropod molluscs and echinoderns. Pycnopodia exam ned in Kodiak
shal | ow waters preyed mainly on gastropod and pel ecypods (Feder and Jewett,
unpubl.). Intertidal and shallow sub-tidal Pyenopodia helianthoides from
Prince WIliam Sound were found to feed primarily on small bivalve molluscs
(Paul and Feder, 1975). This sea star is also capable of excavating for
large clams (Mauzey et al., 1968; Paul and Feder, 1975). King crabs have
been observed (via SCUBA) near Kodiak to feed on Pyenopodia (S. Jewett and
G Powel |, wunpubl. observ.).

The nud star, Ctenodiscus crispatus, and the heart urchin, Brisaster
towmsendi, were encountered in large nunbers within the study area. Both
of these echinoderns use carbon associated with bottom sedinments as their
maj or source of nutrition (Feder, unpubl.). As deposit feeders, Ctenodiscus
and Brisaster are continuously reworking and ingesting sediments, and pro-
bably have an inportant role in recycling nutrients. A large proportion of
the NEGOA infaunal species is conprised of deposit feeders (Mtheke et al.,
in press).

Al though the feeding habits of the conmon brittle star, Ophiura sarsi,
were not extensively examined in this study, it probably uses a combination
of browsing, detritus feeding, and prey-capture techniques (Gentlenan, 1964;
Kyte, 1969). A few O sarsi examned in NEGOA, the southeastern Bering Sea
and Port Vvaldez (Prince WIIliam Sound) mainly contained detrital naterial
and sedinment but also fragments of a variety of small benthic invertebrates
(Feder, wunpubl.). In turn, this brittle star is inportant food for the
cl over sole (Microstomus pacificus) and the flathead sol e (Hippoglossoides
elassodon) (Smth et aZz., 1978).

Al of the specinens of the starry flounder (Platichthys stellatus)
examned in this study had been feeding intensively and exclusively on three
speci es of clanms (Yoldia seminuda, Siliqua sloati, and Macoma dexiosttera).
Clams, especially thin shelled species, have been found to be inportant
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conponents in the diet of starry flounders by other investigators
(Villadolid, 1927; Orcutt, 1950; Mbiseev, 1953; Mller, MS., 1965).

Starry flounders fromthe northern Bering Sea and the southeastern Chukchi
Sea were found to feed heavily on Yoldia hyperborea and the brittle star
Diamphiodia craterodmeta (Feder and Jewett, 1977b). A definite seasonality
in feeding intensity has been found to exist for this flounder: during the
mont hs of January through late May a cessation of feeding occurs; feeding
resunes in late May or early June (Feder and Jewett, unpub. OCSEAP dat a;
Mller, MS., 1965). The degree of fullness of the starry flounders exam
ined in this study may be evidence of a recently termnated fasting period.
Al'l of the specinens were taken at Stations 94-A and B on 3 June 1975. Oam
popul ations in the Icy Bay area obviously play a vital role in the trophic
dynam cs of P. stellatus.

VITI.  CONCLUSI ONS

The major limtations of the survey were those inposed by the selec-
tivity of the otter traw used and the seasonal novements of certain species
taken. In addition, rocky-bottom areas were not sanpled since ottertraw s
of the type used can only be fished on a relatively smooth bottom  However,
the study reported here was effective for determning the epibenthic inver-
tebrates present on sedinent bottom and for achieving maxi num spati al
coverage of the area. This report, in conjunction with the NEGOA infaunal
investigation (Feder and Matheke, in prep.), Wil |l enhance our under st andi ng
of the shelf ecosystem

Availability of many readily identifiable, biologically well-understood
organisms is a prelimnary to the devel opment of monitoring prograns. Size-
abl e bi omasses of taxonomically wel | - known molluses, crustaceans, and echino-
derms were typical of mpst of our stations, and many species of these phyla
were sufficiently abundant to represent organisns potentially useful as
nonitoring tools. The present investigation should clarify some aspects of
the biology of many of these organisms, and should increase the reliability
of future nonitoring programs for the Gulf of Al aska.
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IX.  NEEDS FOR FURTHER STUDY

The extensive trawl program permtted conplete coverage of the benthos
for epifaunal invertebrates. However, considerable effort is still needed
to understand the NEGOA benthic system It is especially inportant that
chem cal, physical and geol ogical data be collected in conjunction with
all future biological investigations.

Sel ected epifaunal species should be chosen for intensive study as soon
as possible so that basic information will be available to a nonitoring pro-
gram  Specific biological paraneters that should be exam ned are reproduc-
tion, recruitment, growth, age, feeding biology, and trophic interactions
with other invertebrates and vertebrates.

G ouping techniques, such as cluster or recurrent group analysis, pro-
vide methods for delineating station and species groups. The outcome of such
anal yses can be used to delimt areas of nonitoring programs. Future appli-
cation of grouping techniques to epifaunal species should be strongly en-
cour aged.
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APPENDI X

GULF OF ALASKA - SELECTED BENTHIC TRAW. STATI ON DATA
3 MAY 1975 THROUGH 7 AUGUST 1975

CRU SE NUMBER NO817
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6%

TABLE
TON NUMBER 14; STATION NUMBER 74-C, PERCENT SAMPLED = 50.

(Al counts and weights are projected to 100% of the sanple).

Start Fi ni sh Tine Di stance Depth
Dat e Time Latitude Longitude Latitude Longitude Fi shed Time Fi shed Fi shed
Yy MoDa H /Min Deg Mn DegMn Deg Mn  Deg Mn M n Zone (lull) (m
7558 1400 58 57.0 146 45.0 59 59.0 146 43.0 35 9 4.44 63.7-67.3
COUNT VET VI GHT (gi n)
TAXON No. % Per _km Tot al % Per _km
| NVERTEBRATES
Porifera 6.0 0.1 1.4 2700.0 0.6 608. 1
Ptilosarcus gurneyt 46.0 0.7 10. 4 2760.0 0.7 621.6
Actiniidae 12.0 0.2 2.7 2400.0 0.6 540. 5
Modiolus modiolus 20.0 0.3 4.5 2200.0 0.5 495.5
Chlamys hastata hericia 400.0 6.3 90.1 3200.0 0.8 720.7
Pecten caurinus 12.0 0.2 2.7 1320.0 0.3 297.3
Astarte polaris 8.0 0.1 1.8 80.0 0.0 18.0
Clinocardium fucarum 2.0 0.0 0.5 8.0 0.0 1.8
Serripes groenlandicus 4.0 0.1 0.9 800.0 0.2 180. 2
Lischkeia cidaris 150.0 2.4 33.8 1800.0 0.4 405. 4
Fusitriton oregonensis 260.0 4.1 58.6 19940.0 4.7 4491.0
Buceinum plectrum 40.0 0.6 9.0 800.0 0.2 180. 2
Neptunea Llyrata 30.0 0.5 6.8 5440.0 1.3 90.1
Pyrulofusus harpa 4.0 0.1 0.9 400.0 0.1 90.1
Tritoniidae 4.0 0.1 0.9 600. 0 0.1 135.1
Tochuina tetraquetra 4.0 0.1 0.9 600. 0 0.1 135.1
Balanus Sp. 302.0 4.7 68.0 9060. 0 2.1 2040.5



TABLE |

CONTI NUED
COUNT WET WEIGHT (gin)
TAXON No. 3 Per _km Tot al % Per km
Pandalus montagui tridens 12,0 0.2 2.7 96.0 0.0 21.6
Paracrangon echinata 24.0 0.4 5.4 168.0 0.0 37.8
Pagurus ochotensis 150.0 2.4 33.8 13600. 0 3.2 3063.1
Pagurus aleuticus 12.0 0.2 2.7 1320.0 0.3 297.3
Pagurus kennerlyt 40.0 0.6 9.0 4520.0 1.1 1018.0
Elassochirus tenutmarus 40.0 0.6 9.0 4520.0 1.1 1018.0
Elassochirus cavimanus 38.0 0.6 8.6 4520. 0 1.1 1018.0
Labidochirus splendescens 24.0 0.4 5.4 1200.0 0.3 270. 3
Lopholithodes foraminatus 2.0 0.0 0.5 840.0 0.2 189. 2
Rhinolithodes wosnessenskii 16.0 0.3 3.6 2880.0 0.7 648. 6
Oregonia gracilis 14.0 0.2 3.2 2520.0 0.6 567.6
Hyas lyratus 20.0 0.3 4.5 3620.0 0.9 815.3
Cancer oregonensis 24.0 0.4 5.4 140.0 0.0 31.5
Terebratulina unguicula 864.0 13.5 194. 6 6040. 0 1.4 1360. 4
Laqueus californianus 864.0 13.5 194. 6 6040.0 1.4 1360. 4
Terebratalia transversa 864.0 13.5 194.6 6040. 0 1.4 1360. 4
Ceramaster paragonicus 14.0 0.2 3.2 980.0 0.2 220.7
Henricia sp. 50.0 0.8 11.3 3500. 0 0.8 788.3
Henricia aspera 12.0 0.2 2.7 1200.0 0.3 270. 3
Poraniopsis inflata 6.0 0.1 1.4 1320.0 0.3 297.3
Pteraster tesselatus 90.0 1.4 20. 3 19800. 0 4.7 4459.5
Crossaster pPapposus 44.0 0.7 9.9 3520.0 0.8 792. 8
Solaster dawsoni 24.0 0.4 5.4 4800.0 1.1 1081.1
Lethasterias nanimensis 20.0 0.3 4.5 4000.0 0.9 900.9
Stylasterias forreri 16.0 0.3 3.6 640.0 0.2 144.1
Strongylocentrotus droebachiensis 496.0 7.8 111.7 14880. 0 3.5 3351.4
Gorgonocephalus caryi 12.0 0.2 2.7 480. 0 0.1 108.1
Ophiura sarsi 24.0 0.4 5.4 140.0 0.0 31.5
Cucumariidae 36.0 0.6 8.1 12240.0 2.9 2756. 8
Halocynthia hilgendorfi igaboja 1224.0 19.2 275.7 244940.0 57.7 55166. 7
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TABLE |

CONTI NUED
COUNT VET WVEIGHT (gin)
TAXON No. % Per km Tot al % Per km
VERTEBRATES
Bathymaster signatus 64860. 0 7.1 14608. 1
Hippoglossus stenolepis 816480.0 88.9 183891. 9
37180.0 4.0 8373.9

Lepidopsetta bilineata

COMMENTS

VWeights of hermt crabs include their shells. This tow contains many small round rocks (4 cmin dianeter),
wei ghts of sone asidians include several small rocks which the asidians are attached.



(4

TABLE [

TON NUMBER 146; STATION NUMBER 74-D; PERCENT SAMPLED = 100

Fi ni sh Tine Di stance Dept h
Dat e Time Latitude Longitude Latitude Longitude Fi shed Ti me Fi shed Fi shed
Yt M Da H /Mn Deg Mn Deg Mn Deg MN Deg Mn Mn Zone (km) (m
7586 1305 59 53.0 146 51.0 59 51.0 146 53.0 30 9 3.52 67.3-71.0
COUNT VET VEIGHT (gin)
TAXON No. % Per _km Tot al % Per km
| N\VERTEBRATES
Ptilosarcus gurneyi 50.0 1.0 14.2 3000.0 2.0 852. 3
Artonoe vittata 1.0 0.0 0.3 1.0 0.0 0.3
Nereis pelagica 2.0 0.0 0.6 20.0 0.0 5.7
Euni ce valens 2.0 0.0 0.6 2.0 0.0 0.6
Modiolus modiolus 6.0 0.1 1.7 660. 0 0.4 187.5
Hiatella arctica 1.0 0.0 0.3 3.0 0.0 0.9
Lischkeia cidaris 1.0 0.0 0.3 12.0 0.0 3.4
Fusitriton oregonensis 20.0 0.4 5.7 2000.0 1.4 568. 2
Trophonopsis stuarti 2.0 0,0 0.6 20.0 0.0 5.7
Neptunea Llyrata 20.0 0.4 5.7 3600.0 2.4 1022. 7
Dori di dae 40.0 0.8 11.4 6000. 0 4.1 1704.5
Tritonia exsulans 2.0 0.0 0.6 300.0 0.2 85.2
Balanus hesperius 11.0 0.2 3.1 330.0 0.2 93.8
Pandalus hypsinotus 200.0 4.0 56. 8 1600. 0 1.1 454.5
Paracrangon echinata 1.0 0.0 0.3 7.0 0.0 2.0
Pagurus kennerlyi 20.0 0.4 5.7 2200.0 1.5 625.0
Elassochirus cavimarnus 4.0 0.1 1.1 480. 0 0.3 136.4
Lopholithodes foraminatus 3.0 0.1 0.9 1260. 0 0.9 358.0
Hyas Zyratus 9.0 0.2 2.6 1620.0 1.1 460. 2
Terebratulina unguicula 1000.0 20.1 284.1 7000.0 4.8 1988. 6
Laqueus californianus 1000. 0 20.1 284.1 7000. 0 4.8 1988. 6
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TABLE 1

CONTI NUED
COUNT VET VEIGHT (gin)

TAXON No. % Per km Tot al % Per _km
Terebratalia transversal 1000. 0 20.1 284.1 7000. 0 4.8 1988. 6
Luidiaster dawsomi 2.0 0.0 0.6 440.0 0.3 125.0
Ceramaster patagonicus 2.0 0.0 0.6 140.0 0.1 39.8
Henricia aspera 8.0 0.2 2.3 800.0 0.5 227.3
Poraniopsis i nflate 1.0 0.0 0.3 220.0 0.1 62.5
Pteraster tesselatus 30.0 0.6 8.5 6600. 0 4.5 1875.0
Crossaster papposus 40.0 0.8 11. 4 3200.0 2.2 909.1
Solaster dawsoni 3.0 0.1 0.9 600. 0 0.4 170.5
Leptasterias sp. 3.0 0.1 0.9 27.0 0.0 1.7
Strongylocentro tus

droebachiensis 1288.0 25.8 365.9 46720.0 31.7 13272.7
Gorgonocephalus caryt 9.0 0.2 2.6 3420.0 2.3 971.6
Halocynthia hilgendorfi igaboja  200.0 4.0 56. 8 40000. 0 27.2 11363. 6
Chelyosoma columbianum 4.0 0.1 1.1 800.0 0.5 227.3
Halocynthia aurantium 1.0 0.0 0.3 200.0 0.1 56. 8
VERTEBRATES
Gadus macrocephalas - 3180.0 3.7 903. 4
Hemilepidotus jordant - 3630.0 4.2 1031.3
Bathymaster signatus - 33110.0 38.3 9406. 3
Atheresthes stomias - 17240.0 20.0 4897. 7
Glyptocephalus zachirus - 2940.0 3.4 835.2
Hippoglossus stenolepis - 17240.0 20.0 2897.7
Lepidopsetta bilineata - 9070.0 10.5 2576.5

COWMMENTS

Halocynthia aurantium attached to pebbles, Halocynthia hilgendorfi igaboja With 3 species of Brachiopoda
attached. Hermt crabs weighed with shell, @ulf of Al aska - Benthic traw data — 3 May 1975 thru 7
August 1975.  Hung up, web ripped. Pollutants were not recorded.
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TABLE |11

TON NUMBER 35; STATION NUMBER 80-B; PERCENT SAMPLED = 65.

(Al counts and weights are projected to 100% of the sanple).
Start Fi ni sh Ti me Di stance Dept h
Dat e Time Latitude Longitude Latitude Longitude  Fished Time Fi shed Fi shed
Yr Mo Da Hr/Min Deg Mn Deg Mn Deg Mn Deg Mn Mn Zone (lull) (m)
75 5 24 1055 60 6.0 145 20.0 60 5.0 145 13.0 60 9 5.55 91.0-112.8
COUNT VET VEIGHT (gin)
TAXON No. % Per _km Tot al A Per _km
INVERTEBRATES
Ptilosarcus gurneyi 173.8 2.7 31.3 10446. 2 3.0 1882.2
Buccinum plectrum 4.6 0.1 0.8 92.3 0.0 16.6
oct opus Sp. 6.2 0.1 1.1 200.0 0.1 36.0
Pagurus ochotensis 6.2 0.1 1.1 553.8 0.2 99.8
Chionoecetes bairdi 615.4 9.6 110.8 279138.5 80.6 50295. 2
Ctenodiscus crispatus 5581.5 87.4 1005. 7 55815. 4 16.1 10056. 8
VERTEBRATES
Gadus macrocephalus 55123.1 16.1 9932.1
Theragra chaleogramma 170261. 5 49.7 30677.8
Atheresthes stomias 68384. 6 20.0 12321.6
Hippoglossoides elassodon 48846. 2 14.3 8801.1

COWENTS

Vi ght of hermit crab includes their shells.

Pl astic found.
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Tow NuvBer 110:

STATI ON NUMBER 81- D; PERCENT SAMPLED = 40.

(AI'l counts and weights are projected to 100% of the sanple).
Ti me Dept h
Dat e Ti me Latitude Longitude Latitude Longitude Fi shed Fi shed
YrMo Da  Hr Min Deg Mn M n (m
75 7 15 1305 59 49.0 60 182.0-193.0
WET WEIGHT (gin)
TAXON Tot al Z Per _km
| N\VERTEBRATES
Actiniidae 2.5 0.0 0.5 500. 0 0.0 93.1
Neptunea lyrata -2.5 0.0 0.5 450.0 0.0 83.8
Neptunea pribiloffensis 117.5 0.1 21.9 21150.0 1.5 3938.5
Tritonia exsulans 50.0 0.0 9.3 7500. 0 0.5 1396. 6
Gonat i dae 2.5 0.0 0.5 50.0 0.0 9.3
Octopus sp. 2.5 0.0 0.5 225.0 0.0 41.9
Pandalus borealis 125.0 0.1 23.3 1000. 0 0.1 186. 2
Pandalopsis dispar 50.0 0.0 9.3 500. 0 0.0 93.1
Pagurus aleuticus 25.0 0.0 4.7 275.0 0.0 51.2
Chionoecetes bairdi 1300.0 1.0 242.1 585000. 0 42.3 108939.5
Pseudarchaster parelii 2.5 0.0 0.5 225.0 0.0 41.9
Ctenodiscus crispatus 1562. 5 1.2 291.0 15625. 0 1.1 2909. 7
Ophiura sarsi 0 97.5 7.5 750000. 0 54.2 139664. 8
VERTEBRATES
Raja rhina 32875.0 8.4 6122.0
Gadus maerocephalas 79375.0 0.3 14781.2
Sebastolobus alascanus 17575.0 4.5 3272.8
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TABLE IV

CONTI NUED

cau WET WEI GHT (gin)
TAXON No. 3 Per_km Tot al z Per km
Anop Lopoma T imbria 19275.0 4.9 3589.4
Atheresthes stomias 46475.0 11.9 8654.6
Glyptocephalus zachirus 92975.0 23.8 17313.8
Hippoglossoides elassodon 2825.0 0.7 526.1
Microstomus pacificus 99775.0 25.5 18580.1
COMMENTS
Hermt crabs weighed with shell. Pollutants were not recorded.
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TABLE v
Tow NUVMBER 106; STATI ON nNuvBer 82- A;  PERCENT SAMPLED = 50.

(AI'l counts and weights are projected to 100% of the sanple).

Start Fi ni sh Ti me Di stance Dept h
Dat e Ti me Latitude Longitude Latitude Longitude Fi shed Ti me Fi shed Fi shed
Yr Mo Da H /Mn Deg Mn Deg Mn Deg Mn  Deqg Mn Mn Zone (km (m
75 7 14 1300 60 7.0 144 46.0 60 6.0 144 41.0 55 9 3.70 49.1-51.0
COUNT VET \EI GHT (gin)
TAXON No. % Per km Tot al % Per km
| NVERTEBRATES
Ptilosarcus gurneyi 324.0 10.7 87.6 19440.0 2.1 5254.1
Actiniidae 2.0 0.1 0.5 400.0 0.0 108.1
Muculana fossa 8.0 0.3 2.2 8.0 0.0 2.2
Pecten caurinus 4.0 0.1 1.1 1400. 0 0.1 378.4
Tritonia exsulans 2.0 0.1 0.5 300.0 0.0 81.1
Pandalus borealis 600.0 19.9 162. 2 4800.0 0.5 1297.3
Pandalus hypsinotus 36.0 1.2 9.7 280.0 0.0 75.7
Eualis barbata 2.0 0.1 0.5 14.0 0.0 3.8
Eualis suckleyi 2.0 0.1 0.5 14.0 0.0 3.8
Crangon communis 4.0 0.1 1.1 28.0 0.0 7.6
Pagurus ochotensts 6.0 0.2 1.6 540. 0 0.1 145.9
Chionoecetes bairdi 1984.0 65. 8 536. 3 892800. 0 95.2 241297. 3
Cancer magister 34.0 1.1 9.2 15300. 0 1.6 4135.1
Pycnopodia helianthoides 6.0 0.2 1.6 2700.0 0.3 729.7
VERTEBRATES
Theragra chaleogramma 32200.0 17.2 8702.7

Anoplopoma fimbria 4080.0 2.2 1102.7
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TABLE V

CONTI NUED

COUNT VET WEI GHT (qgin)
TAXON No. % Per km Tot al % Per km
Agonus acipenserinus 15860.0 8.5 4286.5
Lumpenus sagitta 6160.0 3.3 1664.9
Atheresthes stomias 70760.0 37.9 19124.3
Hippoglossoides elassodon 57700.0 30.9 15594.6

COMMENTS

Hermt crabs weighed with shell.
not recorded.

Pyenopodia helianthoides f ceding on Mitrella gouldi. Pollutants were
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TABLE VI
TOW NUMBER 104; STATI ON NUMBER 83-C; PERCENT SAMPLED = 10.

(Al counts and weights are projected to 100% of the sanple).

Start Fi ni sh Ti me Di stance Dept h
Dat e Time Latitude Longitude Latitude Longitude Fi shed Time Fi shed Fi shed
Yy M Da H /Mn Deg Mn Deg Mn Deg Mn  Deg Mn Mn Zone (km (m
75 7 14 0745 59 52.0 144 38.0 59 56.0 144 34.0 60 9 5.55 54.6-54.6
COUNT VET \EI GHT (gin)
TAXON No. % Per_km Tot al % Per _km
| N\VERTEBRATES
Ptilosarcus gurneyt 222.0 1.0 39.6 13200.0 3.0 2378. 4
Nuculana fossa 30.0 0.1 5.4 30.0 0.0 5.4
Peet en caurinus 30.0 0.1 5.4 10500. 0 2.4 1891.9
Balanus herperius 10.0 0.0 1.8 300.0 0.1 54.1
Pandalus borealis 20970.0 95. 8 3778. 4 167700.0 38.5 30216. 2
Pandalus hyspinotus 30.0 0.1 5.4 240.0 0.1 43.2
Eualis suckleyt 30.0 0.1 5.4 210.0 0.0 37.8
Lopholithodes foraminatus 10.0 0.0 1.8 4200.0 1.0 756.8
Chionoecetes bairdi 500. 0 2.3 90.1 225000. 0 51.6 40540. 5
Cancer magister 10.0 0.0 1.8 4500. 0 1.0 810.8
Pycnopodia helianthoides 20.0 0.1 3.6 9000. 0 2.1 1621.6
Strongylocentrotus droebachiensis 30.0 0.1 5.4 900.0 0.2 162.2
Molpadia sp. 10.0 0.0 1.8 200.0 0.0 36.0
VERTEBRATES
Raja binoculata 226800. 0 52.1 40864. 9
Theragra chalcogramma 54430.0 12.5 9807. 2
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TABLE vI

CONTINED
COUNT VET VEI GHT (gin)
TAXON A Per km Tot al % Per km
Anoplopoma fimbria 22600.0 5.2 4072. 1
Atheresthes stomias 104320.0 24. 0 18796. 4
27210.0 6.3 4902. 7

Hippoglossus steno lepis



19

TOW NUMBER 142

TABLE VI

STATION NUMBER 83- E; PERCENT SAMPLED = 100.

Fi ni sh Ti me Di stance Dept h
Dat e Tine Latitude Longitude Latitude Longitude Fi shed Tine Fi shed Fi shed
Yt Mo Da H /Mn Deg Mn Deg Mn Deg Mn  Deg Mn Mn Zone (km (m
75814 0800 59 43.0 144 37.0 59 41.0 144 33.0 60 9 5.55 129.2-131.0
COUNT VET WEI GHT (gin)

TAXON No. % Per _km Tot al Y Per km
| NVERTEBRATES

Porifera 0.0 0.0 0.0 7900.0 4.7 1423. 4
Nereis pelagica 1.0 0.0 0.2 10.0 0.0 1.8
Nereis vexillosa 1.0 0.0 0.2 10.0 0.0 1.8
Hi rudi nae 1.0 0.0 0.2 2.0 0.0 0.4
Mytilus edulis 100 .0 2.4 18.0 2000.0 1.2 360. 4
Pecten caurinus 330.0 7.8 59.5 115500. 0 68.9 20810. 8
Hiatella arctica 1.0 0.0 0.2 3.0 0.0 0.5
Fusitriton oregonensis 6.0 0.1 1.1 600. 0 0.4 108.1
Bueeinum plectrum 1.0 0.0 0.2 20.0 0.0 3.6
Neptunea lyrata 4.0 0.1 0.7 720.0 0.4 129.7
Pyrulofusus harpa 1.0 0.0 0.2 100.0 0.1 18.0
oct opus Sp. 1.0 0.0 0.2 90.0 0.1 16. 2
Lepas pectinata pacifica 1.0 0.0 0.2 30.0 0.0 5.4
Pandalus borealis 1100.0 26.1 198. 2 8800.0 5.2 1585. 6
Crangon communis 3.0 0.1 0.5 21.0 0.0 3.8
Argig dentata 1.0 0.0 0.2 7.0 0.0 1.3
Pagurus aleuticus 29.0 0.7 5.2 3190.0 1.9 574. 8
Pagurus confragosus 12.0 0.3 2.2 1320.0 0.8 237.8
Elassochirus cavimarus 1.0 0.0 0.2 120.0 0.1 21.6
Hyas lyratus 6.0 0.1 1.1 1080.0 0.6 194. 6
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TABLE V1|

CONTI NUED
COUNT VET \\EI GHT (gi n)

TAXON No. 3 Per km Tot al % Per _km
Chionoecetes bairdi 17.0 0.4 3.1 7650.0 4.6 1378.4
Pseudarchaster parelii 1.0 0.0 0.2 90.0 0.1 16.2
Ctenodiscus crispatus 600.0 14.2 108.1 6000.0 3.6 1081.1
Henricia aspera 1.0 0.0 0.2 100.0 0.1 18.0
Gorgonocephalus caryi 1.0 0.0 0.2 380.0 0.2 68.5
Ophiura sarsi 2000.0 27.4 360.4 12000.0 7.2 2162.2
VERTEBRATES

Raja kinecaidi - 2270.0 1.2 409. 0
Raja rhina 3860. 0 2.1 695. 5
Thaleichthys pacificus 1360. 0 0.7 245.0
Theragra chalcogramma 47170.0 25.9 8499. 1
Ulca bolini 4540.0 2.5 818.0
Atheresthes stomias 82560. 0 45.3 14875.7
Glyptocephalus zachirus 19500. 0 10.7 3513.5
Hippoglossoides elassodon 5900. 0 3.2 1063. 1
Microstomus pacificus 14970.0 8.2 2697. 3
COMMENTS

C.bairdi sexed, 12 males, 2 nongravid females, 3 gravid females. Mytilus edulis attached to Kel p holfast.
Hermt crabs weighed with shell. Pollutants were not recorded.
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TON NUMBER 42; STATION N

TABLE VI |
UVBER 86- D; Percent SAMPLED = 100.

Start Fi ni sh Tinme Di stance Dept h
Dat e Ti me Latitude Longitude Latitude Longitude Fi shed Ti me Fi shed Fi shed
Yr M Da H/Mn Deg Mn Deg Mn Deg Mn_ DegMn M n Zone (km (m
75 5 30 1240 59 40.0 143 44.0 59 41.0 143 47.0 65 9 7.22 127.4-140.1
COUNT VET VEI GHT (gin)
TAXON No. % Per km Tot al 3 Per _km
| N\VERTEBRATES
Notostomobdella Sp. 1.0 2.7 0.1 2.0 0.0 0.3
Pecten caurinus 1.0 0.2 0.1 350.0 1.0 48.5
Astarte polaris 90.0 17.6 12.5 900.0 2.5 124.7
Fusitriton oregonensie 4.0 0.8 0.6 400.0 |1 55.4
Pyrulofusus harpa 1.0 0.2 0.1 100. 0 0.3 13.9
Arctomelon stearnsii 1.0 0.2 0.1 180.0 0.5 24.9
octopus sp. 1.0 0.2 0.1 90.0 0.2 12.5
Eualis barbata 8.0 1.6 1.1 56.0 0.2 7.8
Lopholithodes foraminatus 55.0 10.7 7.6 25400. 0 70. 2 3518.0
Chionoecetes bairdi 45.0 8.8 6.2 5890. 0 16. 3 818.8
Laqueus californianus 5.0 1.0 0.7 15.0 0.0 2.1
Ctenodiscus crispatus 136.0 26.6 18.8 1360. 0 3.8 188. 4
Allocentrotus fragilis 13.0 2.5 1.8 520.0 1.4 72.0
Strongylocentrotus droebachiensis 1.0 0.2 0.1 30.0 0.1 4,2
Ophiura sarsi 150.0 29.3 20.8 900.0 2.5 124.7
VERTEBRATES
Atheresthes stomias 249480.0 57.2 34554.0
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TABLE VI

CONTI NUED
COUNT VET VI GHT (gin)
TAXON No. % Per _km Tot al % Per _km
VERTEBRATES
(cont i nued)
- - 186880. 0 42.8 25883. 7

Hippoglossoides elassodon

COMMENTS

Lopholithodes foraminatus - 48 males

and 7 females
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TABLE [ X

Tow NUMBER 100; sTATIoN NUMBER 89- A; PERCENT saweLED = 100.

Start Fi ni sh Ti me Di stance Dept h
Dat e Ti ne Latitude Longitude Latitude Longitude Fi shed Time Fi shed Fi shed
Yt M Da H /Mn Deg Mn Deg Mn Deg Min  Deg Mn M n Zone (km) (m
75 7 12 1455 60 1.0 143 1.0 60 0. 142 55.0 60 9 5.74 67.3-71.0

COUNT VET WVEEI GHT (gin)
TAXON No. Z Per km Tot al % Per _km
Eunoe depressa 1.0 0.2 0.2 1.0 0.0 0.2
Aphrodita sp. 2.0 0.3 0.3 12.0 0.0 2.1
Aphrodita japonica 1.0 0.2 0.2 10.0 0.0 1.7
Nuculana fossa 13.0 2.1 2.3 13.0 0.0 2.3
Pecten caurinus 3.0 0.5 0.5 1050.0 0.9 182.9
Astarte polaris 12.0 2.0 2.1 120.0 0.1 20.9
Natica clausa 3.0 0.5 0.5 36.0 0.0 6.3
Polinices monteronis 2.0 0.3 0.3 80.0 0.1 13.9
Bucceinum plectrum 2.0 0.3 0.3 40.0 0.0 7.0
Beringius Kennicotti 45.0 7.3 7.8 4950. 0 4.3 862. 4
Colus halli 2.0 0.3 0.3 36.0 0.0 6.3
Neptunea lyrata 180.0 29.3 31. 4 32400.0 28.1 5644. 6
Nept unea pribiloffensis 2.0 0.3 0.3 360.0 0.3 62.7
Pagurus ochotensis 39.0 6.3 6.8 3510.0 3.0 611.5
Pagurus aleuticus 24.0 3.9 4.2 2640.0 2.3 459.9
Pagurus kennerly 12.0 2.0 2.1 1320.0 1.1 230.0
Pagurus confragosus 130.0 21.1 22.6 14300. 0 12. 4 2491.3
Elassochirus tenuimanus 11.0 1.8 1.9 1320.0 1.1 230.0
Elassochirus cavimarus 4.0 0.7 0.7 440.0 0.4 76.7
Labidochirus splendescens 1.0 0.2 0.2 50.0 0.0 8.7
Oregonia gracilis 1.0 0.2 0.2 180.0 0.2 31. 4
Hyas lyratus 13.0 2.1 2.3 2340.0 2.0 407.7
Chionoecetes bairdi 103.0 16.7 17.9 46350. 0 40. 2 8074.9
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TABLE | X

CONTI NUED
COUNT VET WVEI GHT (gm)

TAXON No. % Per km Total % Per _km
Pseudarchaster parelii 1.0 0.2 0.2 90.0 0.1 15.7
Lutidia foliolata 3.0 0.5 0.5 1350.0 1.2 235.2
Pycnopodia helianthoides 5.0 0.8 0.9 2250.0 2.0 392.0
VERTEBRATES

Raja binoculata - 51250.0 18.3 8928. 6
Raja rhina - 10430.0 3.7 1817.1
Raja stellulata - 24490.0 8.7 4266. 6
Gadus macrocephalas - 91170.0 32.5 15883. 3
Theragra chaleogramma - 37190.0 13.3 6479.1
Atheresthes stomias - 12700.0 4.5 2212.5
Glyptocephalus zachirus - 48080. 0 17.2 8376. 3
Hippoglossoides elassodon - 4980. 0 1.8 867.6

COWENTS

Hermt crabs weighed with shell. Pollutants were not recorded.
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TABLE X

TON NUMBER 89; STATION NUMBER 93-C, PERCENT SAMPLED = 100.

Start Fi ni sh Ti me Di stance Dept h
Dat e Ti me Latitude Longitude Latitude Longitude Fi shed Tine Fi shed Fi shed
Yr M Da H /Mn Deg Mn Deg Mn Degq Mn Deg Mn M n Zone (km (m
7579 1550 59 51.0 142 3.0 59 50.0 141 57.0 60 9 5.55 81.9-85.5
COUNT VET EI GHT (gin)
TAXON No. % Per_km Tot al % Per _km
| N\VERTEBRATES
Actiniidae 2.0 0.3 0.4 180.0 0.1 324
Pecten caurinus 290.0 44.6 52.3 101500. 0 52.5 18288.3
Cyelocardia ventricosa 1.0 0.2 0.2 4.0 0.0 0.7
Compsomya subdiaphana 1.0 0.2 0.2 4.0 0.0 0.7
Fusitriton oregonensis 1.0 0.2 0.2 70.0 0.0 12.6
Rocinela augustata 1.0 0.2 0.2 1.0 0.0 0.2
Pandalus borealis 1.0 0.2 0.2 4.0 0.0 0.7
Pandalus montagut tridens 6.0 0.9 1.1 50.0 0.0 9.0
Pandalus platyceros 1.0 0.2 0.2 45.0 0.0 8.1
Crangon communis 2.0 0.3 0.4 14.0 0.0 2.5
Argis ovifer 1.0 0.2 0.2 4.0 0.0 0.7
Pagurus ochotensis 1.0 0.2 0.2 90.0 0.0 16.2
Pagurus confragosus 2.0 0.3 0.4 180.0 0.1 32.4
Lopholithodes foraminatus 1.0 0.2 0.2 420.0 0.2 75.7
Chionoecetes bairdi 9.0 1.4 1.6 4050.0 2.1 729.
Ctenodiscus erispatus 100.0 15.4 18.0 1000. 0 0.5 180.2
Pycnopodia helianthoides 190.0 29.2 34.2 85500. 0 44.2 15405.4
Ophiura sarsi 40.0 6.2 7.2 240.0 0.1 43.2



TABLE X

CONTI NUED
caJ VET VEI GHT (gin)

TAXON No. % Per _km Tot al % Per km
VERTEBRATES

Raja stel lulata 4980.0 1.9 897.3
Gadus macrocephalas 20380.0 7.8 3672. 1
Theragra chalcogramma 138160.0 52.8 24893. 7
Atheresthes stomias 59110.0 22.6 10650. 5
Hippoglossoides elassodon 17660.0 6.8 3182.0
Hippoglossus stenolepis 21290.0 8.1 3836.0

COWENTS

Hermit crabs weighed with shells. Pyenopodia helianthoides feeding on Ophiurasarsi and Ctenodiscus

erispatus. Pollutants were not recorded.
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TABLE XI
TON NUMBER 54; STATION NUMBER 94-A; PERCENT SAMPLED = 60.

(Al'l counts and weights are projected to 100% of the sanple).

Start Fi ni sh Ti me Di stance Dept h

Dat e Ti me Latitude Longitude Latitude Longitude Fi shed Ti me Fi shed Fi shed
Yr MoDa H /Mn Deg Mn Deg Mn Deg Mn  Deg Mn Mn Zone (km (m
7563 0950 59 54.0 141 47.0 59 55.0 141 48.0 30 9 2.96 27.3-29.1

COUNT WET WEI GHT (gin)

TAXON No. % Per km Total % Per km
| NVERTEBRATES
Pagurus aleuticus 6.7 50.0 2.3 750. 0 20.0 253. 4
Chionoecetes bairdi 3*3 25.0 1.1 1500. 0 40.0 506. 8
Cancer magtister 3.3 25.0 1.1 1500. 0 40.0 506. 8
VERTEBRATES
Theragra chalcogramma 127000. 0 14.4 42905. 4
Isopsetta isolepis 27200.0 3.1 9189. 2
Platichthys stellatus 725750.0 82.5 245185. 8
COMMENTS

Al'l femal e Cancer magister had purple eggs with orange eyes. \Weights of Pagurus aleuticus include
their shells.
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TABLE Xl |
TON NUMBER 53; STATION NUMBER 94-B; PERCENT SAMPLED = 12.

(Al'l' counts and weights are projected to 100% of the sanple).

Start Fi ni sh Tine Di stance Dept h
Dat e Ti me Latitude Longitude Latitude Longitude Fi shed Ti me Fi shed Fi shed
Yr Mo Da Hr /Mn Deg Min Deqg Mn Deg MN Deg Mn M n Zone (km) (m
7563 0730 59 50.0 141 42.0 59 52.0 141 46.0 60 9 5.55 58.2-61.8
COUNT VET VEI GHT (gin)
TAXON No. % Per_im Tot al % Per _km
| NVERTEBRATES
Bunephthya rubiformis 0. 0. 0. 3750.0 71. 4 675.7
Chionoecetes bairdi 100.0 100.0 18.0 1500. 0 28.6 270.3
VERTEBRATES
Theragra chalecogramma 544250.0 12.6 98063. 1
Isopsetta isolepis 215416.7 5.0 38813. 8
Platichthys stellatus 3549416.7 92.4 639534.5
COMMENTS

Al Theragra chalcogramma was approximately 10 cm | ong. Platichthys stellatus stomachs exanmined - all
stomachs were full of three clams, Yoldia seminuda, stliqua sloati, and Macoma dexiosttera.



TABLE Xl ||
TOW NUMBER 78; STATION NUMBER 97-C, PERCENT SAWMPLED = 100.

Start Fi ni sh Ti me Di stance Dept h
Dat e Tine Latitude Longitude Latitude Longitude Fi shed Tine Fi shed Fi shed
Yt MoDa H /Mn Deg Mn Deg Mn Deg Min Deg Mn M n Zone (km (m
7575 1410 59 30.0 141 3.0 59 32.0 140 58.0 60 8 5.93 252.9-254.8
COUNT VET VEI GHT (gm)

TAXON No. Z Per _km Tot al % Per _km
Actiniidae 104.0 0.5 17.5 2630.0 1.1 443.5
Hi r udi nae .0 0.0 0.2 1.0 0.0 0.2
Fusitriton oregonensis 70.0 0.3 11.8 850.0 0.4 143.3
Neptunea pribiloffensis 7.0 0.0 1.2 1040.0 0.4 175.4
Tritonia exsulans 91.0 0.4 15.3 1365.0 5.7 2301.9
Gonat i dae 12.0 0.1 2.0 270.0 0.1 45.5
octopus sp. 1,0 0.0 0.2 90.0 0.0 15.2
Pandalopsis dispar 10.0 0.0 1.7 450.0 0.2 75.9
Eualis barbata 1.0 0.0 0.2 4.0 0.0 0.7
Eualis macrophthalma 21.0 0.1 3.5 180.0 0.1 30.4
Crangon communis 21.0 0.1 3.5 140.0 0.1 23.6
Pagurus confragosus 4.0 0.0 0.7 440.0 0.2 74.2
Chionoecetes bairdi 2.0 0.0 0.3 450.0 0.2 75.9
Hippasterias sSpinosa 1.0 0.0 0.2 220.0 0.1 37.1
Pseudarchaster parelii 16.0 0.1 2.7 1450.0 0.6 2445
Ctenodiscus crispatus 80.0 0.4 13.5 1350.0 0.5 227.7
Pycnopodia helianthoides 3.0 0.0 0.5 1350.0 0.6 227.7
Brisaster townsendi 21273.0 97.9 3587. 4 212730.0 89.6 35873.5
Hol ot hur oi dea 2.0 0.0 0.3 90.0 0.0 15.2
Molpadia Sp. 2.0 0.0 0.3 90.0 0.0 15.2



TABLE Xl ||

CONTI NUED

COUNT WET WEIGHT (gi n)
TAXON No. % Per im Tot al A Per km
VERTEBRATES
Squalus acanthias 49370.0 9.2 8325.5
Raj a binoculata 41670.0 7.8 7027.0
Sebastes alutus 4070.0 0.8 686. 3
Sebastolobus alascanus 81080. 0 15.2 13672. 8
Atheresthes stomias 138390. 0 25.9 23337. 3
Glyptocephalus zachirus 101920.0 19.1 17187. 2
Microstomis pacificus 82670. 0 15.5 13941.0
Platichthys stellatus 35560. 0 6.7 5996. 6
COWENTS
Hermt crabs weighed with shell. Pollutants were not recorded.



TABLE XI'V
TON NUMBER 70; STATION NUMBER 99-D, PERCENT SAMPLED = 100.

Start Fi ni sh Ti me Di stance Dept h
Dat e Time Latitude Longitude Latitude Longitude Fi shed Tine Fi shed Fi shed
Yv Mo Da H /Mn Deg Mn Deg Mn Deq Mn  Deg Mn Mn Zone (km) (m
7572 1635 59 25.0 140 29.0 59 25.0 140 32.0 60 8 5.55 141.9-154.7
COUNT VET EI GHT (gin)

TAXON No. % Per km Tot al % Per_km
| N\VERTEBRATES

Actiniidae 8.0 0.1 1.4 1810.0 0.2 326.1
Buphrosine hortensis 1.0 0.0 0.2 1.0 0.0 0.2
Crucigera irregulars 1.0 0.0 0.2 1.0 0.0 0.2
Aphrodita japonica 14.0 0.3 2.5 630.0 0.1 113.5
Fusitriton oregonensis 26.0 0.5 4.7 1990.0 0.2 358. 6
Nept unea lyrata 20.0 0.4 3.6 2260.0 0.3 407. 2
Pyrulofusus harpa 14.0 0.3 2.5 3170.0 0.4 571.2
Arctomelon stearnsii 14.0 0.3 2.5 1580.0 0.2 284.7
Dori di dae 80.0 1.5 14. 4 14490. 0 1.7 2610. 8
Cct opus  sp. 26.0 0.5 4.7 2340.0 0.3 421.6
Pandalus montagui tridens 429.0 8.0 77.3 340'0.0 0.4 612.6
Spirontocaris arcuata 14.0 0.3 2.5 90.0 0.0 16. 2
Argis ovifer 102.0 1.9 18. 4 510.0 0.1 91.9
Elassochirus cavimarus 13.0 0.2 2.3 580.0 0.1 104.5
Acantholithodes hispidus 1.0 0.0 0.2 10.0 0.0 1.8
Lopholithodes foraminatus 40.0 0.7 7.2 16860.0 2.0 3027.0
Munida quadrispina 45.0 0.8 8.1 240.0 0.0 43.2
Oregonia gracilis 10.0 0.2 1.8 1800.0 0.2 324.3
Hyas lyratus 140.0 2.6 25.2 12680.0 1.5 2284. 7
Chioncecetes bairdi 20.0 0.4 3.6 2260.0 0.3 407. 2
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TABLE X'V

CONTI NUED

COUNT WET VI GHT (gin)
TAXON No. 3 Per km Tot al % Per_km
Chorilia longipes 10.0 0.2 1.8 600.0 0.1 108. 1
Dipsacaster borealis 14.0 0.3 2.5 630.0 0.1 113.5
Ceramaster patagonicus 30.0 0.6 5.4 2710.0 0.3 488. 3
Pseudarchaster parelii 200.0 3.7 36.0 18120.0 2.1 3264.9
Henricia aspera 653.0 12.2 117.7 59160.0 6.9 10659. 5
Diplopteraster multipes 78.() 1.5 14.1 11770.0 1.4 2120.7
Crossaster papposus 40.0 0.7 7.2 3620.0 0.4 652. 3
Lophaster furcilliger 4.0 0.1 0.7 450.0 0.1 81.1
SolLaster dawsoni 40.0 0.7 7.2 9060. 0 1.1 1632. 4
Allocentrotus fragilis 41.0 0.8 7.4 1640.0 0.2 295.5
Strongylocentrotus droebachiensis 92.0 1.7 16. 6 2760. 0 0.3 497. 3
Gorgonocephalus caryi 20.0 0.4 3.6 4530.0 0.5 816. 2
Ophiura sarsi 400.0 7.4 72.1 900.0 0.1 162.2
Cucumariidae 2600. 0 48. 4 468. 5 650000. 0 76. 2 117117.1
Halocynthia aurantium 130.0 2.4 23.4 20300.0 2.4 3657.7
VERTEBRATES
Raja binoculata 15400. 0 3.2 2774.8
Raja stellulata 10870.0 2.3 1958. 6
Gadus maerocephalas 78140.0 16. 4 14079. 3
Sebastolobus alascanus 94220.0 19.8 16976. 6
Sebastes alutus 27180.0 5.7 4897. 3
Atheresthes stomias 219700.0 46. 2 39585. 6
Glyptocephalus zachirus - 30500. 0 6. 4 5495. 5
COMMENTS
Hermt crabs weighed with shell. Crueigera irregulars present on snail shell Pol | utants were not

recor ded.
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SUMMARY

These studies have included an evaluation of the subsistence use of
Pacific herring and other fishery resources to coastal residents in
Norton Sound and Kotzebue Sound. In addition, the spatial and temporal
distribution of fishery resources in the nearshore coastal waters of
Norton Sound was investigated. Pacific herring are used to a lesser
degree for subsistence purposes by coastal residents in Kotzebue Sound
than by those in Norton Sound. Extent of use is influenced by herring
abundance, harvest of marine and large terrestrial mammals and employment
opportunities such as commercial salmon fishing.

Important herring spawning areas consist of exposed rocky headlands

shallow bays, lagoons or inlets. Spawning Is associated with ice breakup
of the Bering Sea, occurring in late May-early dJdune in south Norton

Sound, commencing progressively later in a northward direction; as late

as August in parts of Kotzebue Sound. Herring populations north of the
Yukon River are relatively small in comparison to those of the southern
Bering Sea. Independent stocks of Pacific herring occur north of Norton
Sound and spawn, overwinter and rear in shallow lagoons and embayments
along the Seward Peninsula. A relatively small percentage of the
coastline is used for spawning by herring stocks and the integrity of
these areas must be maintained to insure continued use of this important
resource. Contamination of important spawning, rearing and/or overwintering
areas from petroleum related activities could destroy one or more year
classes, resulting in either a general weakening and decline in populations
or possible elimination of an entire population, depending upon the
severity and extent of pollution.

More than ?15,000 finfish representing 39 species and 15 families, were
captured in nearshore coastal waters of the study area in 1976-77.
Various cottids were included in this catch but were only identified to
family (Cottidae). The 38 species identified were represented by 19
marine, 10 anadromous and 9 freshwater forms. Percent composition among
these forms was similar in 1976 and 1977 in areas examined. At least
90% of the anadromous species, 75% freshwater species and 30% marine
species are utilized for subsistence purposes by coastal residents.
Approximately 60% of the anadromous species, 10% freshwater species and,
at present, 5% marine species are harvested commercially by domestic
fisheries. Pacific sand lance (dmmodytes: hexapterus], juvenile pink
(Oncornynénusgorbuscha) and chummsazafoon(00.kkeda),, saffron cod (Eleginus
gracilis ardsmerids were among the most abundant species captured.
Saffron cod, starry flounder {Platichthys stellatus), coregonids and
osmerids were among the most frequently encountered fishes. Both
frequency of occurrence and abundance varied spatially and temporally in
all areas examined.

Some concerns related to petroleum exploration and development and the
potential impact of oil spills on the fishery resources throughout the
study area are discussed. A major concern is the absence of data on
distribution, relative abundance, range, age structures, etc. of fishery
resources during the ice covered months. A second concern is the lack
of information available on fishery resources which utilize the Yukon
River Delta. This is considered as possibly the single most important
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ecosystem in our area and potentially the most vulnerable to disruption
from either acute or chronic pollution problems. The deep water harbor
of Port Clarence is also discussed as an area where further studies are
needed to ensure proper planning and development of petroleum related
activities in this area.

"1



TABLE OF CONTENTS

SUMMARY . . . . . . . L L L L L L L e =T e
LIST OF TABLES .
LISTOF FIGURES . . . . . . . . . . . . .. . ...
INTRODUCTION . . . . . . o . . . . . . ....*-
CURRENT STATE OF KNOWLEDGE . . . . . . . . . . ..
STUDY AREA . _ . _ . _ . . . . . . . .s*vx=
SOURCES , METHODS, AND RATIONALE OF DATA COLLECTION
Subsistence Utilization Surveys .
Herring Aerial Surveys . . . . . . . . . . .
Nearshore Finfish Surveys . . . . . . . . .
Unalakleet . . . . . . .7. .
Golovin . . . . . . . . . . . . . . ..
Port Clarence . . . . . . . . . . . . .
Anuk River . .
Catch Sampling and Data Analysis .
Offshore Finfish Surveys . . . . . . . . ..
Gillnetting Studies - Large Vessel. .
Townetting Studies - Large Vessel . . .
Catch Sampling and Data Analysis .
RESULTS . . - o o o i e i e e e e e
Subsistence Utilization Surveys .
Herring Aerial Surveys . . . . . . . . . . .
Cape Stebbins to Unalakleet .

Unalakleet to Cape Denbigh .

78

ooooooo

-------



TABLE OF CONTENTS (cont.)

Norton Bay (East of Cape Darby) . . . . . . . .
Golovin Bay (Cape Darby to Rocky Point) . . . .

Rocky Point toNome . . . . . . . . . . . . ..

Nome to Cape Prince of Wales .

Cape Prince of Wales to Cape Espenberg . .

Cape Espenberg to Choris Peninsula (Eschscholtz Bay),

Nearshore Finfish Surveys . . . . . . . . . . « « « « .

Pacific Herring

Port Clarence-Grantley Harbor-Imuruk Basin .
Golovin Bay .

Stomach Analysis

Juvenile Salmon

Larval Fish Catches . . . . . . . . ..
Other Finfish Catches .
Southern and Eastern Norton Sound
Golovin Bay .
Port Clarence Area .
Length Frequencies .
Physical and Chemical Data .
Stomach Analysis . . . . .
Offshore Finfish Surveys .
Gillnetting Studies . . . . . .

Townetting Studies .

Anuk River.

79



TABLE OF CONTENTS (cont.)

DISCUSSION . . . . . . i o o e i o i i ot e e e o e e e e e e e
Subsistence Utilization Surveys. . . . . « « « « « « « . . .
Herring. . . . . . . . . « « « . . N
Clupeidae (Herrings) . . . . . . « . . . e e e e e e
Timing and Distribution . . . . . . . . . . . . .. :

Relative Abundance . . . . . . . .

Spawning Habitat Types .
Age and Growth . . . . .
Stock Considerations . .
Salmonidae (Salmon and Trout)
Stichaeidae (Pricklebacks) .
Ammodytidae (Sand lance) . . .
Osmeridae (Smelts) . . . . . .
Gadidae (Cods) .
Pleuronectidae (Flat fishes) .
Coregonidae (Whitefishes) .
Other Fish Species . . . . . .
AREAS OF CONCERN AND NEEDS FOR FURTHER STUDY.
CONCLUSIONS.
ACKNOWLEDGEMENTS. . . . . . . . . . . . . . .
BIBLIOGRAPHY. . . . . . . . . . . . o . . . .
APPENDIX TABLES . . . . . . . . . . . . . ..
APPENDIX FIGURES . . . . . . . . . . . . . . .
APPENDIX PHOTOGRAPHS. . . . . . . . . . . . .

80



LIST OF TABLES

Table 1. Northern Bering Sea fall herring production, 1916-1941.

Table 2. Commercial harvest of spring herring for roe extraction
in Norton Sound, 1964-1977 .. .. ... ... ... iiiinnnan ..

Table 3. Herring production of Japan and USSR in the eastern
Bering Sea, 1964-1977 ...... ... ..

Table 4. Japanese gillnet herring catches in Norton Sound
(north of 63° N. latitude and east of 167° W. longi-
tude) 1968-77 .. ...

Table 5. Census areas from the Yukon River Delta to Point
Hope, 1967-77 . . . .
Table 6. Characteristics and indices used to determine the
relative maturity of Pacific herring . . . . . . . . .. .. ... ...
Table 7. Relative size and abundance of herring schools from
aerial surveys conducted from Stuart Island to
Point Garnet (Eschscholtz Bay), from June 9 through
October 28, 1977 .. ...

Table 8. List of fish species collected in nearshore coastal
waters of Norton Sound, 1976-77 . . . . . . . . . . .. ... ... ... ...
Table 9. Fish species composition for selected areas in the
coastal waters of Norton Sound, 1967-77 . . . . . . . . . .. .. ...
Table 10. Total catch by species, area and gear type of finfish
captured in the nearshore waters of Norton Sound from
May 30 through October 21, 1977 . . . . . . . . . . . . . . . ... ... *,
Table n . Species diversification by area of finfish captured in
the coastal waters of Norton Sound from the Yukon River
Delta to Port Clarence in 1976 and 1977 (0CS/RU 19) . . . .

Table 12. Total catch, effort and catch per effort of Pacific

herring by sample area in Norton Sound from ice breakup
to freezeup, 1977 ... ... . . . .

J
Table 13. Total catch of adult and juvenile herring by gear type
captured in the Port Clarence area from June through
October, 1977 . ... . . .
Table 14. Percent composition by area and gear type of herring
captured in Port Clarence, Grantley Harbor and Imuruk
Basin from June through October, 1977 . . . . . . . . . . . ... ...
Table 15. Percent composition by gear type and sex of herring cap-

tured in the Port Clarence area from June through October,
1977 ¥ ¥



LIST OF TABLES (Continued)

Table 16. Relative maturity by age class of herring captured in
the Port Clarence area from ice breakup (late June)
through July, 21, 1977....... .. ... . i

Table 17. Relative maturity by age class of herring captured in
the Port Clarence area from July 22 through September 6,
1977....... .. e e

Table 18. Relative maturity by age class of herring captured in the
Port Clarence area from September 7 through October 21,
S e | |

Table 19. Percent composition by gear type and sex of herring captured
in Golovin Bay from June through October, 1977 . . . . . . . . .

Table 20. Percent fullness of herring stomachs examined during the
spring of 1976 from selected areas along the western
Alaska coast. . . * * .. ... ...

)

Table 21. Percent frequency of occurrence and number of food items

found in herring stomachs examined from selected areas
along the western Alaska coast in the spring, 1976 . . . . .

Table 22. Fork lengths of juvenile pink and chum salmon captured
in the nearshore waters of Golovin Bay from June 9
through July 7, 1977 ... . .

Table 23. Daily growth rates (percent) of juvenile pink and chum
salmon captured in Norton Sound, 1976-77 . . . . . . . . . . . . . ..

Table 24. Larval finfish captured in the nearshore waters of Norton
Sound from breakup to freezeup, 1977 . . . . . . . . .. ... ...

Table 25. Catch, effort and species diversification by gear type
of finfish sampled in the nearshore waters of Norton
Sound from May 30 through October 21, 1977 . . . . . . . . . . . ..

Table 26. Most abundant species of finfish captured in the coastal
waters of Norton Sound and Port Clarence from ice breakup
to freezeup, 1977..... e

Table 27. Most frequently occurring species of finfish (by percent)
captured in the coastal waters of Norton Sound and Port
Clarence from ice breakup to freezeup, 1977 . . . . . . . . . ..

Table 28. Abundance of selected species of finfish captured with
beach seines and gillnets in Golovin Bay, 1976-77 . . . .

Table 29. Sample size, range, standard deviation and mean lengths

(mm) by gear type of finfish species captured in nearshore
waters of Norton Sound from June through October, 1977.

82



LIST OF TABLES (Continued)

Table 30. Sample size, range, standard deviation and mean lengths
(mm) by gear type of f infi sh species captured in Port
Clarence, Grantley Harbor and Imuruk Basin from June
through October, 1977........... ... . .. iiiiinu. .

Table 31. Sample size, range, standard deviation and mean lengths
(mm) by gear type of finfish species captured from Bluff
to Cape Darby (Golovin Bay area) from June through
October, 1977........ O

Table 32. Sample size, range, standard deviation and mean lengths
(mm) by gear type for finfish species captured in
nearshore waters of southern and eastern Norton Sound
(area B,C,D) from June through October, 1977 . . . . . . . . .

Table 33. Surface water temperatures (Co) at various coastal
sampling locations in Norton Sound from June 1 through
October 16, 1977 ... % . . ... . .. . .

Table 34. Surface salinity readings (ppt) at selected stations
in Norton Sound from June through September, 1976 . . . . . .

Table 35. Finfish catches of variable mesh gillnets during off-
shore sampling in Norton Sound from June 22 through
July 12, 1977 ... ... T

Table 36. Mean length (mm) and weight (gins) of herring captured
with gillnets in the offshore surface waters of Norton
Sound from June22 through dJuly 12, 1977 . . . . . . . . .. . . ...
Table 37. Relative maturity (percent composition) by gillnet
station of herring captured in offshore surface waters
of Norton Sound from June 22 through July 7, 1977 . . . . . .
Table 38. Relative maturity (percent composition) by age class
of herring captured in offshore surface waters of
Norton Sound from June 22 through July 7, 1977 . . . . . . . . .
Table 39. Selectivity of gillnet mesh size on finfish captured in
the offshore surface waters of Norton Sound from June 22
through July 12, 1977 .. .. . . .,

Table 40. Frequency of occurrence (percent) of species encountered
with a surface tow net in the offshore waters of Norton
Sound from June 22 through July 12, 1977 . . . . . . . . . . . . . ..

Table 41. Catch by species and sample station of fish captured in
the Yukon River 101 kilometers upriver from Flat Island
from June 7-July 7, 1977 ... ... .. . . . .. ..

Table 42. Catch by date of juvenile finfish captured in the Yukon
River 101 kilometers upriver from Flat Island from June 7
through July 7, 1977



Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

43.

44 .

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

LIST OF TABLES (Continued)

Sample size, range, mean length, and standard deviation
of finfish captured in the Yukon River 101 kilometers
upstream from Flat Island from June 7 through Jduly 7,
S

Subsistence fishery resources of selected coastal
villages in Norton Sound and Kotzebue Sound . . . . . . . . . ..

Standard length comparisons of Pacific herring from
selected Bering Sea areas. ... ......0.......0.......

Standard 1 ength comparisons of herring from selected
Pacific Ocean and Bering Sea areas . . . . . . . . . . . .. .. ... ..

Variation in number of herring vertebrae from samples
collected at selected sites along the North American
Pacific coastline (data from Rounsefell, 1930) . . . . . . . .

Rank order by frequency of occurrence (percent) of
the 20 most common species captured in beach seines
in the nearshore waters of Norton Sound, 1976-1977 . . . .

Rank order by frequency of occurrence (percent) of
the 20 most common species captured in variable mesh
gillnets in the nearshore waters of Norton Sound,
1976-1977 .. ... oo 0

Rank order by frequency of occurrence (percent) of
the 10 most common families of fish sampled in Norton
Sound with beach seines and variable mesh gillnets,
1976-77 . ............ e AP

. Abundance of Bering cisco captured in the nearshore

waters of Norton Sound, 1976-77 . . . . . . . . . . . . ...

Abundance of least cisco captured in the nearshore
waters of Norton Sound, 1976-77 . . . . . . . . . .. . ...

Abundance of boreal smelt captured in the nearshore
waters of Norton Sound, 1976-77 . . . . . . . . . . ... ... .. ... ..

Abundance of Pacific herring captured in the nearshore
waters of Norton Sound, 1976-77 . . . . . . . . . . . ... ... ... ...

Abundance of saffron cod captured in the nearshore
waters of Norton Sound, 1976-77 . . . . . . . . . . ... ... ... .. ..

84



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure 15.

10.

11.

12.

13.

14.

LIST OF FIGURES

Study area for Research Unit 19, finfish resources in
Norton Sound and Kotzebue Sound, 2,496 kilometers, 1976-77.

Yukon River smolting_site June 7 through July 7, 1977.
Site was located 101 kilometers upriver fromFlat Island
at the confluence of the Anuk River . . . . . . . . . . . . ... ... ......

Sample locations for nearshore studies conducted under R.U.
19 throughout Norton Sound and the Yukon River Delta,
S

Surface townet and gillnet sample stations from June 22
through July 12 in Norton Sound, 1977 . . . . . . . . . . . . ... ... .. ..

Study area for aerial herring surveys . . . . . . . . . . ...
Study area on northwest coast of Seward Peninsula, 1977 . . . .

Species diversification by area of finfish captured in the
coastal waters of Norton Sound from the Yukon River Delta
to Port Clarence 1976-77 .. ... ..ot

Relative maturity by sex of herring captured in the Port
Clarence area from ice breakup (late June) through freezeup
(late October) , 1977 ... ... . e

Relative maturity by age of herring captured in the Port
Clarence area from ice breakup (late June) through July 21,
1077

Relative maturity by age of herring captured in the Port
Clarence area from September 7 through freezeup (late
October), 1977 ... .. .

Relative maturity of herring captured in the Port Clarence
area from ice breakup (late June) through freezeup (late
October), 1977 . ... ..

Length frequency (percent) of herring captured in the Port
Clarence area from ice breakup (late June) through freezeup
(late October, 1977 ... ... . . . i s

Mean length-at-age (shown with ranges) for herring captured
in the Port Clarence area, 1977 . . . . . . . . . o i i i i e e e e e e e e e e e

Mean length-at-age for herring captured in the spring (June
7 - July21) and-fall (September 7 - October 21) in the
Port Clarence area In 1977 ... ... . . ... . . . ...
Relationship between fork length and standard length of
Pacific herring captured in Port Clarence June through
0ctober, 1977 © o e



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

16.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

LIST OF FIGURES (continued)

Percent age composition of herring captured in the Port
Clarence area from ice breakup to July 21, 1977 . . . . . . . . . . ..

Percent age composition of herring captured in the Port
Clarence area from July 22 through September 6, 1977 . . . . . . .

. Percent age composition of herring captured in the Port

Clarence area from September 7 through freezeup, 1977 . . . . . .

Percent age composition of herring captured in the Port
Clarence area from ice breakup (late June) through freezeup
( late October), 1977 ...... ... .. i

Comparison of the relative maturity of spring and fall
herring captured in Golovin Bay, 1977 . . . . . . . . . .. .. ... .. .. ..

Length frequency (percent) of herring captured in Golovin
Bay from ice breakup (June) through freezeup (October),
1977 ........... P L :

Mean length-at-age (shown with ranges) for herring captured
in Golovin Bay, 1977 ...... ...

Mean length-at-age for herring captured in the spring (June
7-July 21) and fall (September 7 - October 21) in Golovin
Bay, 1977.... e e e e e e

Relationship between fork length and standard length of
Pacific herring captured in Golovin Bay June through
OCtober, 1077 ... i e

Comparison of percent age composition between spring and
fall herring populations in Golovin Bay, 1977 . . . . . . . . . . . . ..

Percent occurrence of the total number of food items in
herring stomachs examined along the western Alaska coast
Line, 1976.. ... .

Length frequency (percent) of juvenile pink and chum salmon
captured in Golovin Bay June 9 through July 9, 1977 . . . . . . . .

Growth of juvenile pink salmon captured in the nearshore
waters of Golovin Bay from June 9 through July 9, 1977 . . . . .

Growth of juvenile chum salmon captured in the nearshore
waters of Golovin Bay from June 9 through July 9, 1977 . . . . .

Percent catch per effort for finfish captured in the near

shore waters of Norton Sound from June 7 through October
21, 1977 .. e

86



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

LIST OF FIGURES (continued)

Length frequency (percent) of sand lance captured in
Golovin Bay, 1977, . ... ...

Length frequency (percent) of boreal smelt by gear type
captured in nearshore waters of Norton Sound from June
through October, 1977............. L

Length frequency (percent) of pond sine”t by gear type
captured in nearshore waters of Norton Sound from June
through October, 1977 . . . . . . . . . . ... ... ..

Length frequency (percent) of Bering cisco by gear type
captured in nearshore waters of Norton Sound from June
through October, 1977 . ... ... . . . . i

Length frequency (percent) of least cisco by gear type
captured in nearshore waters of Norton Sound from June
through October, 1977. ... . . . . . . . . . . . . . .

Length frequency (percent ) of humpback whitefish by gear
type captured in nearshore waters of Norton Sound from June
through October, 1977 ....... . . . . . . i

Length frequency (percent) of saffron cod captured in
beach seines and gillnets in the nearshore waters of Norton
Sound, 107 7. .

Length frequency (percent) of Arctic char by gear type
captured in nearshore waters of Norton Sound from June
through October, 1977 .. ... . . . . . . .

Length frequency (percent) of starry flounder by gear type
captured in nearshore waters of Norton Sound from June
through October, 1977 ... ... .. . . . . s

Length frequency (percent) of threespine sticklebacks
captured in the nearshore waters of Norton Sound, 1977 . . . . .

Length frequency (percent) of ninespine sticklebacks captured
in the nearshore waters of Norton Sound, 1977 . . . . . . . . . . . . ..

Species diversity by gear type of fish captures in the
nearshore waters of Norton Sound from June through October,
107677
Relative maturity of herring captured in the offshore
surface waters of Norton Sound from June 22 through July
12, 1977 *

87



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

44.

45.

46.

47.

48.

49.

50.

ol.

52.

53.

4.

95.

LIST OF FIGURES (continued)

Mesh selectivity of gillnets to age classes of herring
captured in the offshore waters of Norton Sound from June
22 through July 12, 1977 ... ... . .

Mean length and weight-at-age for herring collected in the
offshore surface waters of Norton Sound from June 22
through July 9, 1977 ... ... .

Length frequency and percent age composition of herring
captured at stations 1 and 20 in Norton Sound during the
M/V Royal Atlantic cruise from June 22 through July 12,
A S

Length frequency (percent) of herring sampled in offshore
surface waters of Norton Sound from June 22 through July
12, 1977........ e

Larvae distribution in the offshore surface waters of
Norton Sound June 22 through July 7, 1977 . . . . . . . . . . . .. .. ...

Exaggerated profile of the Yukon River 101 kilometers
upriver from Flat Island, 1977 ........ ... ... ... ... ... ......

Catch per unit effort for four fish groups by station
number captured in the Yukon River from June 7 through July
7 A0TT

Timing and abundance of chum salmon smelt down the Yukon
River 101 kilometers upriver from Flat Island in June,
1077 .

Spatial and temporal distribution of chum salmon smelt in
the Yukon River 101 kilometers upriver from Flat Island in
June, 1977 . ... . .. LS

Timing and abundance of juvenile whitefish species down the
Yukon River 101 Kkilometers upriver from Flat Island in June,
S

Spatial and temporal distribution of juvenile whitefish
species down the Yukon River 101 kilometers upriver from
Flat Island in June, 1977 ... ot e

Timing and abundance of juvenile burbot down the Yukon
River 101 kilometers upriver from Flat Island in June,
1977... .. F e

Figure 56. Spatial and temporal distribution of juvenile burbot down

the Yukon River 101 kilometers upriver from Flat Island in
JUNE, 1077 .

88



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

LIST OF FIGURES (continued)

Timing and abundance of juvenile sheefish (Inconnu) down
the Yukon River 101 kilometers upriver from Flat Island in
June, 1077 .

Spatial and temporal distribution of juvenile sheefish
( Inconnu) down the Yukon River 101 kilometers upriver from
Flat Island in June, 1977 ..... .. ... . i

Length frequency (percent) of chum salmon smelt captured in
the Yukon River 101 kilometers upriver from Flat Island,
JUne 1077 . .

Length frequency (percent) of juvenile sheefish (Inconnu)
captured in the Yukon River 101 kilometers upriver from
Flat Island, June 1977 ....... .. . . . i

Length frequency (percent) of juvenile whitefish species
captured in the Yukon River 101 kilometers upriver from
Flat Island, June 1977 .......... .. .. ... iint.

Water level fluctuations in the Anuk River one mile upriver
from its confluence with the Yukon River, June 1977 . . ...1..

Yukon River surface water temperatures 101 kilometers
upriver from Flat Island, June 1977 . . . . . . . . . . ...

Timing and distribution of Pacific herring spawning in the
eastern Bering Sea......... ...

Relative abundance of Pacific herring based upon peak count
suface area estimates of schools observed during aerial
surveys, 1976 and 1977 .. ... .

Comparative latitude of the Seward Peninsula and Kotzebue
Sound with the White Sea............ .. ... ... . . ...

Comparison of mean lengths-at-age for herring sampled in
Golovin Bay and the Port Clarence area in 1977 . . . . . . . . . . . ..

Relative abundance in percent composition of finfish
captured throughout the nearshore waters of Norton Sound,
1076-77 o

Distribution of juvenile salmon within the study area,
1976-77 ... ..o L e

Distribution of Pacific herring within the study area,
1076-77 e

89



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Figure 81.

Figure

Figure

Figure

Figure

82.

83.

84.

85.

LIST OF FIGURES (continued)

Distribution of boreal and pond smelt and sand lance within
the study area, 1976-77...... ... . . . i,

Distribution of humpback, broad and round whitefish within
the study area, 1976-77 .. ... ... . e

Distribution of Bering and least cisco within the study
area, 1076-77 . .. .. 5

Distribution of Arctic char and saffron cod within the
study area, 1976-77........ ... i P

Distribution of starry flounder and Arctic flounder within
the study area, 1976-77 ... ... .. . . i

Distribution of sea poachers within the study area, 1976-77.

Distribution of ninespine and threespine sticklebacks within
the study area, 1976-77 . ... . . e

Distribution of Alaska plaice, yellowfin sole and longhead
dab within the study area, 1976 -77 . . . . . . . . . . . ... ...

Distribution of whitespotted and rock greenl ing W|th|n the
study area, 1976-77..... ... .

Distribution of pricklebacks, capelin and Bering wolffish
within the study area, 1976-77...... e

Distribution of larval boreal smelt in coastal waters
within the study area, 1976-77...%........ ... ... .. .......

Distribution of least cisco and Bering cisco catches at the
south mouth of the Yukon River, June 9 through August 5,
1976. ... ..

Distribution of humpback whitefish catches at the south
mouth of the Yukon River, June 9 through August 5, 1976 . . . .

Distribution of sheefish (Inconnu) catches at the south
mouth of the Yukon River, June 9 through August 5, 1976 . . . .

Distribution of northern pike and northern sucker catches

at the south mouth of the Yukon River, June 9 through
August 5, 1976. .. ... ..

90



INTRODUCTION

This completion report covers studies conducted under Research Unit

(R. U. )19, formerly 19e, FINFISH RESOURCE SURVEYS IN NORTON SOUND AND
KOTZEBUE SOUND. The study was supported by the Bureau of Land Manage-
ment (BLM) through interagency agreement with the National Oceanic and
Atmospheric Administration (NOAA), under which a multi-year program
responding to needs of petroleum development of the Alaskan continental
shelf is managed by the Outer Continental Shelf Environmental Assessment
Program (OCSEAP) office. The period of fieldwork includes March 1976
through November 1977.

Work was initially funded in March 1976 for $146,825 as an extension of
R.U.19, HERRING SPAWNING SURVEYS IN THE SOUTHERN BERING SEA. Additional
funding for fiscal year (FY) 1977 (October 1, 1976 through September 30, 1977)
consisted of $250,825, of which $100,000 was designated for large vessel
sampling of the offshore waters of Norton Sound and Kotzebue Sound.

Final funding ($60,000) was made available for FY78 to allow completion

of 1977 field sampling through freezeup and for preparation of this

report. Total funding level for this project was $457,650.

Stimulus for these investigations is provided by proposed offshore

leasing of Alaska's continental shelf for oil exploration and development,
and the current lack of knowledge concerning the range, distribution,
seasonal occurrence, relative abundance and life history characteristics
of important fishery resources occurring throughout the study area.

These data are necessary to provide information for predicting and
mitigating impacts of potential petroleum related activities on coastal
fishery resources within the study area. Specific objectives include

the following:

1. Determine the spatial and temporal distribution, species
composition and relative abundance of pelagic finfish in the
coastal waters of Norton Sound east of 166° W. Longitude.

2. Determine the timing and routes of juvenile salmon migrations
as well as examine age and growth, relative maturity and food
habits of important species in Norton Sound east of 166°
Longitude.

3. Determine the spatial and temporal distribution and relative
abundance of spawning populations of herring and other forage
fish within the study area.

4. Monitor egg density, distribution and development and document
types of spawning substrates of herring and other forage fish
species.

5.  Monitor local resident subsistence utilization of the herring
fishery resource.

To accomplish the task outlined above, the following studies were
conducted:
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Subsistence fishery utilization survey of coastal residents.
Surveys were primarily confined to FY76 with minimal effort in
FY77 .

Spawning herring surveys. This consisted primarily of aerial
surveillance of the coastline, apart from areas where nearshore
finfish studies were being conducted. Aerial surveys were
complemented by ground surveys at the latter locations.

Pelagic finfish surveys. Both nearshore and offshore surveys
were made. Nearshore sampling was confined to Norton Sound
while attempts were made to sample offshore waters of both
Norton Sound and Kotzebue Sound.

Pacific herring (Clupea harenqus pallasi) are discussed at length in

this report not only because a major portion of this R.U. was designed

to investigate this species, but also because of the growing concern for
this species in the eastern Bering Sea. Domestic interest in this

species has risen dramatically in the past several months with imple-
mentation of the 200 mile fisheries and management conservation zone.

Lack of biological knowledge of this species and apparent over-exploitation
of eastern Bering Sea herring stocks by foreign fisheries has made it

the focal point of much discussion.

Information gained on the relative abundance and seasonal distribution

of pelagic fishery resources and their subsistence use throughout the

study area is not complete, but nevertheless, 1is of considerable scientific
value. Subsequent work will no doubt supplement and improve the existing
data base and insure proper planning for oil and gas exploration and
development, thus providing protection to valuable resources.

CURRENT STATE OF KNOWLEDGE

Knowledge of fishery resources in the northern Bering Sea and Kotzebue

Sound is quite limited. Most available information is contained in

records kept by the Alaska Department of Fish and Game (ADF&G). The

bulk of this data deals with species of Pacific salmon indigenous tothe
study area, of which chum salmon (Oncorhynchus keta) are the most abundant.
Most of this information concerns run timing and magnitude, age, size

and sex relationships and spawning distribution of adult returns.

Virtually nothing is known in regards to the relative abundance, distribution,
migrational patterns and habits of juvenile salmon after entering the

marine environment.

Other species common to the fresh water and coastal marine habitats in

the study area are: sheefish (Inconnu, Stenodus leucichthus), several

species of whitefish (Coregonidas), Arctic char (Salvelinusatpinus),

lake trout {Salvelinus namaycusnh), grayling (Thymallus arcticus), burbot

(Lota lota luptura), suckers {Catostomidae), sculpins (Cottidae), blackfish
(Dallia rpectoralis), sticklebacks {Gasterosteidae), lampreys (Petromyzontidae),
smelt (Osmeridae2)and several species of cod (Gadidae), flatfishes

(Pleuronectidae), crabs, shrimp and mol luscs (Cunningham 1975). Fifty-
two fish species were captured and identified in August 1959 in the
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Chukchi Sea/Kotzebue Sound area under bioenvironmental investigations of
Project Chariot (Alverson & Wilimosky 1966). Most of the forms were
benthic or demersal with the pelagic element limited to about eight
species. Nine freshwater species were identified. Among the catches
were an estimated 1,000 herring captured in a single gillnet set made at
Cape Thompson. It was stated that small catches of juvenile smelt were
often experienced in midwater sets below the thermocline.

Field sampling with variable mesh gillnets by Alt (1971) in the Port
Clarence area in July 1970 resulted in 23 species of fish of which nine
were marine. Herring were captured in Imuruk Basin and the lower

Agiapuk Basin. Six nights of gillnet fishing in the Agiapuk River in

1971 resulted in nine species, of which least cisco (Coregonus sardinella)
were the most abundant (Alt 1972). Herring were again included in the
catch.

Alt (1971, 1972) also discussed spawning populations and domestic use of
sheefish on the Koyuk River, Kobuk River and in the Selawik Lake -

Hotham Inlet area. Herring, ranging in size from 115-160 mm in total

length, were reported as comprising the major food item (the only identifiable
species) in sheefish captured in Hotham Inlet in late November 1963

(ADF&G files).

Pacific herring and other fishery resources in the study area are known
to be an important food fish for coastal residents, but the magnitude
and importance of this harvest has not been fully documented. Zagoskin
(1 967) mentioned the importance of herring subsistence utilization by
resident natives as early as the mid 1800°s. The first actual biological
studies on Bering Sea herring were conducted by Rounsefell (1930).
Mention is made several times in his report of herring vertebrae counts
taken at Unalaska and Golovin Bay (Norton Sound). Documentation of
several life history parameters of herring are included in his report as
well as the condition of the fishery in Alaska.

The herring fishery in the early portion of the 20th Century centered
around salt curring and later declined because of poor marketing conditions
arising from foreign competition. Rounsefell indicated that the earliest
American commercial effort on Bering Sea herring took place in the early
part of this century at Golovin Bay, “.. ..since before 1909”. Early

records (Pacific Fisherman 1917-1942) indicate that about 6.1 million
pounds of fall herring were commercially processed in Norton Sound from
1916 to 1941, of which 98.6% was from Golovin (Table 1). This figure is

based upon 250 pounds of herring packed per barrel (Andersen 1945;
Wigutoff 1950),

Rounsefell (1930) also pointed out that the first extensive commercial
herring fishery existed in Western Alaska in 1928 when about one-half of
the Central Alaska purse seine fleet fished in Unalaska in the Aleutian
Islands. This fishery ended in 1946. Domestic commercial effort on
herring in the north Bering Sea (Norton Sound) resumed on an experimental
basis in 1964 near Unalakleet and has continued on a sporadic basis ever
since (Table 2). This fishery is on spring herring for sac roe extraction
in contrast to the earlier fall fisheries for a salt cured product.
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Barton et al. (1977) points out that herring may be a commercially
exploitable resource of potential benefit to coastal residents of western
Alaska as well as a potential major international food source. Foreign
fishing of eastern Bering Sea herring stocks began in 1961 after Soviet
exploratory trawlers located large concentrations of wintering herring
northwest of the Pribilof Islands. The Japanese entered the trawl
fishery on the winter grounds in 1964 and also began a gillnet fishery
east of 175° West longitude in 1968 (Low 1976, not seen by author; cited
from Wespestad 1978). Japanese and Soviet fleets have harvested some
45,000 metric tons {m.t.) of herring annually in the eastern Bering Sea
from 1970-1976 (North Pacific Fisheries Management Council 1977, NPFMC).
The bulk of this harvest has come from two -trawl fisheries which operate
along and inside the 200 meter line between the Pribilof Islands and St.
Matthew Island during the winter-spring months. The Japanese gillnet
fishery has operated in the past in the nearshore waters from April to
June, from Bristol Bay to Norton Sound, until 1977 when those coastal
waters were closed by the Secretary of Commerce to protect native subsistence
fisheries. Dudnik and Usol 'tsev (1972) believed the trawl harvests were
on stocks which reproduce along the coast from Unimak Pass to Norton
Sound.

Combined harvest information for the winter trawl fishery by both Japanese
and Soviet fleets is only available since 1967, although Japanese trawl
and gillnet catches have been reported since 1964 (Table 3) (ADF&G

1977). Available catch data indicates that peak production occurred in
1968-69 when 128,000 m.t. were harvested by both the trawl and gillnet
fisheries. Production has steadily declined since that time.

The Japanese began their gillnetting in 1968 in Norton Sound (north of
63° North latitude and east of 167° West longitude) with three vessels
ranging from 46 to 61 meters in length (ADF& 1968). Effort was concentrated
about 20 km offshore in the area between St. Michael and Golovin for
several days. Japanese gillnetting effort as well as peak catches
occurred in 1969 (Table 4). A fleet of approximately 40 vessels operated
in Norton Sound during the spring of 1969 (ADF& 1969). The fleet was
composed of approximately 10 Tongliner type vessels (37 to 55 meters)
that arrived on May 19 and operated gillnets, processed and held their
own catch. On the first of June two factory ships arrived accompanied

by 24 to 27 gillnetters all in the 26 to 27 meter class. Three stern
trawlers rounded out the Japanese fleet in 1969. The U.S. Coast Guard
apprehended two Japanese gillnetters on June 7, 1969 which were fishing
within the continual zone in the vicinity of St. Michaels (ADF&G 1969).
A total of 20 mt of herring was aboard the two apprehended vessels.

Most herring examined consisted of spawned out males. The total reported
1969 Japenese gillnet herring catch in Norton Sound amounted to 1,270
metric tons. This was the largest herring catch by Japanese fleets in
Norton Sound from 1968 through 1976.

The Republic of Korea (ROK) operated a small trawl fishery for herring
between Kuskokwim Bay and Norton Sound in 1973 and 1974.

Herring ~are known to spawn in intertidal and shallow subtidal zones in

the study area. Developing eggs and larvae are therefore highly susceptible
to surface-born pollution. These fish and their spawn constitute one of
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the fundamental sources of food for many species of fish, mammas and
birds.

Apart from present investigations, the most recent studies dealing with

the distribution and relative abundance of fishery resources in the

northern Bering Sea and southeastern Chukchi Sea was a six week survey
conducted in 1976 by the National Marine Fishery Service ,(NMFS) _under

the auspice of OCSEAP/R.U.175. Results of the survey defined the distributions
and centers of abundance of several finfish and shellfish species. In
addition, standing stock estimates and species composition of demersal

fauna were determined. Estimates of biological characteristics, including

size and age composition, length and weight relationships, and growth
characteristics were provided for dominant fish species.

These foregoing studies comprise the investigator’s knowledge of fishery
research in the north Bering Sea and Kotzebue Sound area, with the
exception of cruise reports by various American and foreign agencies,
which list simple occurrence.

STUDY AREA

The study area includes all coastal waters of western Alaska extending
north from the Yukon River Delta to Point Hope (Figure 1). The coastline
of this area totals 2,496 km (1,551 miles). Subsistence utilization
surveys were conducted throughout the entire study area while spawning
herring investigations included the coastal waters from the Yukon River
to Eschscholtz Bay in Kotzebue Sound. The study area for nearshore
finfish surveys consisted of the coastal waters from the Yukon River to
Port Clarence, while offshore studies included both Norton Sound and
Kotzebue Sound.

SOURCES, METHODS AND RATIONALE OF DATA COLLECTION

Several news releases via local radio stations (Nome) and newspapers
were made prior to and throughout the course of the 1977 sampling season.
These releases explained the purpose of the Outer Continental Shelf

{0CS ) program, informed 1 isteners to 1977 field projects being conducted
and solicited local information on fishery resources. Releases were
made in March, June, July, August and September.

Subsistence Utilization Surveys

The only information obtained pertaining to subsistence use of fishery
resources in 1977 was associated with aerial herring surveys conducted
along the coast. Residents from five Seward Peninsula villages were
questioned during the course of these surveys about herring and the

status of fall runs and their importance to subsistence use. Several
preserved specimens of different fish species were taken on flights for
species verification by local residents to insure information was obtained
for appropriate species.
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Herring Aerial Surveys

The entire coastline of the study area was divided into census areas
delineated by prominent geographical features prior to field investigations
(Table 5). These divisions were made to facilitate transcribing aerial
survey data onto a data management format with keypunching output to be
later submitted to the National Oceanic Data Center (NODC) for archiving.
At least two aerial reconnaissance surveys were to be attempted of the
entire study area within the range of estimated spawning dates. Aerial
surveillance of primary spawning areas was conducted as frequently as
possible beginning with the onset of ice breakup in Norton Sound. The
purpose of the surveys was a dated continuum on location, timing and
relative abundance of spawning populations of herring and other schooling
fish species.

Aerial surveys were conducted from chartered aircraft (single engine,
fixed-wing) at altitudes ranging from 75-500 m and air speeds of about
160-260 km/hr. Portable tape recorders were used to record aerial
survey data and information transcribed daily onto aerial survey data
management forms. Polaroid sunglasses were worn to reduce sunglare and
enhance water depth viability.

Following is a listing of data parameters recorded during each survey:
1. Observer, type aircraft, speed, altitude and time.
2. Weather and sea conditions.
3. Species identity and location of fish schools.
4.  Number and surface area estimates of fish schools.

The relative abundance of fish was estimated by subjectively categorizing
schools into one of three arbitrary groups: 1) small schools (estimated
surface area of kss than 50 m2); 2) medium schools (surface area estimates
between 50-450 mé); and 3) large schools (estimated to be greater than

450 m2). These same categorizations were employed under Research Unit

19 in the southern Bering Sea (Barton et al. 1977).

Every attempt was made to properly identify schools of fish observed
from the air. This was done by OCS crews already present in an area
sampling the nearshore waters with various types of fishing gear.
Return flights to selected villages were also made and trips made by
rubber raft along the coast to collect samples from fish observed in
that area. Where fish could not be captured, Alcids and Larids were
collected when possible for stomach analysis.

Photographs (color slides) utilizing a polarizing filter were made of
fish schools and spawn (milt) when possible to assist in determining
surface area estimates. Major emphasis on photography in 1977 was to
obtain high altitude photographs during the peak of spawning in major
areas as opposed to 1976 aerial photographs which were made of as many
schools of fish and spawn as possible. All photographs were made with a
handheld 35mm camera. The altitude, film and frame numbers were recorded
on aerial survey forms for later identification. The location of the
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photographed target was recorded on United States Geogological Survey
(USGS) topographical maps and a corresponding number entered by its
location signifying the frame number of the photograph for later analysis.

Nearshore Finfish Surveys

Pelagic fish sampling of the nearshore waters (0-6 meters) was restricted
to the Yukon River, Norton Sound and Port Clarence in 1977. Sampling

was based from four field camps: Unalakleet, Golovin, Teller and the
Anuk River (tributary to the Yukon River).

Unalakleet

A three man crew established a base camp in Unalakleet on May 27. The
nearshcre waters of eastern Norton Sound were sampled from May 30 through
June 20 and from July 16 through August 10. The sampling area extended
north from Unalakleet approximately 65 km to Cape Denbigh and south from
Unalakleet for a distance of about 85 km to Cape Stebbins. A seven

meter (22 foot) open skiff was used, equipped with fishing gear consisting
of variable mesh gillnets, beach seines, dipnets and castnets. Both
floating and sinking variable mesh gillnets were used. All gillnets

were multifilament nylon and consisted of six 7.6 m panels with the
following stretch mesh sizes: 25, 38, 51, 64, 76 and 102 mm. The nets
were 46 m long by three meters deep. Sixty-one meter beach seines of
3.2 mm mesh were fished. Seines tapered from three meters in the center
to one meter at either end. One beach seine haul and two ¢illnet sets
were made at each sample station when possible. An onshore set was made
with a floating gilinet and an offshore set was made with a sinking
gillnet. Sampling stations held consistent with those established in

the 1976 field season.

Records were kept of the time each gillnet was set and retrieved and
depth and distance from shore for offshore sets. Other data recorded
included weather conditions, surface water temperatures, escapement and
beach type. Depth was determined with a Ross depth sounder, while
distances were estimated visually.

Sampling with dipnets and castnets was conducted randomly between
established sampling stations, primarily for species composition of
schools of fish observed in areas away from established sample locations.

Golovin

A base camp was established in Golovin on May 25 from which a two man

crew conducted sampling operations. Sampling was conducted from June 9
through July 20 and from August 19 through October 21 from a five meter
(17 foot) open skiff. The sampling area included coastal waters inside
Golovin Bay and west from Rocky Point to Biuff. Sampling techniques and

gear types were the same as those of the Unalakleet crew.

Port Clarence

A two man crew stationed at Teller was responsible for sampling Port
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Clarence, Grantley Harbor and Imuruk Basin. Camp was established on
June 25 and sampling conducted from breakup (June 27) until freezeup
(October 12). Permanent sample stations were selected and fished after
a reconnaissance of the study area. Sampling design and gear types were
consistent with those of other Norton Sound crews.

Anuk River

A two man crew was relocated to Emmonak (south mouth of the Yukon

River) on May 18 to prepare and assemble sampling gear for this field
project. The crew departed Emmonak on June 4, shortly after ice breakup
in the Yukon River and traveled upriver to the confluence of the Anuk
River (101 km upriver from Flat Island). A field camp was established
about one mile upstream on the Anuk River from which sampling operations
were conducted (Figure 2).

Adult fall chum salmon stocks in the Yukon River have been found to
separate on their upstream migration by river bank (Mauney, 1976). It
was felt that a similar separation by river bank may also apply to
smelting juvenile salmon in the spring months, since most of the major
salmon spawning tributaries drain from the north side. Information
concerning the timing, distribution and migration routes of juvenile
salmon through the Yukon River Delta to the Bering Sea would be extremely
valuable because of potential petroleum development in that area.
Consequently, the two man crew stationed on the Anuk River sampled
transects of the main Yukon River just below the confluence of the Anuk
River. This section was chosen because of its restricted single channel
as opposed to other sections of the Tower Yukon River which are often
extremely braided, very wide and characterized by sandbars.

The crew was equipped with a hand purse seine 46 m long by seven meter
deep (3.2 mm bar mesh). The center section was eight meters in length
and had two outer 11.5 m sections of 13 mm bar mesh. Eight seine stations
were established across the Yukon River at the sampling site. A series
of seine sets were made daily across the river channel at each sample
station. Fishing stations were rotated daily beginning at first one
side of the river and then the other. The primary objective was to
observe smelt timing and distribution at the sample site as well as
collect age and length data by species. Surface water temperatures and
fluctuations in the Anuk River were recorded daily at 12 o’clock noon.
Sampling occurred from June 7 through July 7, 1977.

Catch Sampling and Data Analysis

Catch sampling by nearshore pelagic finfish crews included the following:

1. Total catch monitoring by species, gear type and station for
each set made.

2. Fork length measurements of not more than 120 fish of each
species excluding herring, captured per set by gear type.
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3. Standard length measurements of not more than 180 herring,
relative maturity, sex and age for each set by gear type. The
relative maturity index is shown in Table 6.

4. No length measurements or scales were taken from adult salmon.

5. Length and scale sampling from all juvenile salmon captured
except that scales were not taken from pink (Oncorhynchus
gorbuscha) and chum salmon. Scales were mounted on glass
slides for later age analysis.

Catch sampling for the Anuk River project consisted of the following:

1. The total catch by species. was recorded for each seine haul by
station number and date.

2. A maximum of 40 juvenile king salmonljﬁCOrnyngnUSs tshawytscha)
was sampled daily for lengths and scales. A mintmum of four
fish per seine haul for any given day was always collected.

3. A maximum of 12 coho (Oncorhynchus kisutch) and chum salmon
each was sampled daily for scales.

4. A maximum of 40 lengths per seine haul of juvenile salmon
other than pinks and king were taken daily.

5. No lengths or scales were collected from adult salmon.

All herring were aged by counting annual rings on scales. Reid (1971a)
pointed out that new annuli of herring scales appear near the time of
spawning. He stated, “For convenience in age designation, April is used
as the birth date for Alaska herring, although spawning ranges from
early March to late June.” The birth date for herring in our study area
could be considered about May or June since spawning occurs on the
average, significantly later than in more southern areas of Alaska and
in Canada. Consequently, some adjustment to age designation in 1977 was
made as herring were captured in both the spring spawning periods as
well as just prior to freezeup in some areas.

Herring captured prior to August 1 were aged by counting all annuli plus
the outside edge of the scale as shown in photographs 33 through 37.
Herring captured after August 1 were also aged by counting annuli but
the outside edge of the scale was not included, since it was assumed
that some significant summer growth was present in the fall months.

This is consistent with methods used in R.U. 175 (Wolotira et al. 1977).
All herring scales were aged by not less than two (sometimes three)
experienced ADF&G herring biologists.

This interpretation of the characteristics of herring scale growth

closely follow results obtained by Rumyantsev and Darda (1970). They
stated, “statistical processing.. . showed that in August 50% of the

herrings (of the eastern Bering Sea) had no or very little growth increments
on their scales; in September 1t was 14%, in October 17% of the fish.”
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Herring stomachs were collected along the west coast of Alaska in the
spring of 1976 as part of RU 19 and RU 19e. Data analysis was carried
out by Mr. Lee Neimark, Institute of Marine Science (IMS), University of
Alaska, Fairbanks. Contents from stomachs that were collected on a
single date and station were combined into a single sample. Each food
item was identified and counted. Where several stomach contents were
combined the contents were placed into a measured amount of water and a
five mm random aliquot sample taken with a Stemple pipet. Each item in
the five mm sample was counted and results corrected for the average
item per stomach. The percent content of each food i1tem identified was
estimated by visual inspection of each stomach. The three areas where
samples were collected were the Togiak area of Bristol Bay, Yukon-
Kuskokwim River Delta area (Goodnews Bay, Nelson Island, Hooper Bay) and
Norton Sound (Golovin Bay, Unalakleet, St. Michaels Bay).

Foreguts from 23 species of fish were collected along the eastern coast
of Norton Sound from June 17 through September 1, 1976. These samples
were also sent to the IMS where they were examined by Mr. Neimark.
Methods of analysis can be found in Neimark et al. (1978).

Catches of larval fish were tentatively identified in the field by
samplers and later submitted to the NMFS, Northwest and Alaska Fishery
Center in Seattle for verification.

The study area was divided into several sections for ease In reporting
pelagic fish survey results (Figure 3): Golovin Bay (Area A), Cape
Denbigh to Egavik (Area B), Egavik to Tolstoi Point (Area C), Tolstoi
Point to Cape Stebbins (Area D), Fish River (Area E), Bluff to Rocky
Point (Area F), Grantley Harbor (Area G), Port Clarence (Area H), and
Imuruk Basin (Area 1). Although as many areas were not sampled in 1976,
divisions are consistent for yearly comparisons between 1976 and 1977.

The field season was divided into nine 2-week sampling periods in which
catch results were examined by species and gear type:

1. June 7 through June 21.

2. June 22 through July 6.

3. July 7 through July 21.

4. July 22 through August 6.

5. August 7 through August 21.

6. August 22 through September 6.

7. September 7 through September 21.
8. September 22 through October 6.

9. October 7 through October 21.
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Herring data are often grouped as follows in comparing results:
Spring (breakup) - Sample Periods 1-3 (June 7 - July 21)
Summer - Sample Periods 4-6 (July 22 - September 6)

Fall (freezeup) - Sample Periods 7-9 (September 7 - October 21)

Offshore Finfish Surveys

A 33 m commercial vessel (M/V Royal Atlantic) was chartered in 1977 to
fish preselected offshore gilinet and surface townet stations in Norton
Sound and Kotzebue Sound (Figure 4). Each sample grid represents
approximately 375 square kilometers. The study region exists as an area
of proposed oil exploration where various resources used for commercial
and subsistence fishing occur. Two cruises were planned with the first
beginning in Norton Sound immediately after breakup followed by a sampling
round of Kotzebue Sound and then a second round of Norton Sound. The
Royal Atlantic departed Dutch Harbor for Norton Sound on June 19 and the
charter terminated in Dutch Harbor on July 14. A two man crew assisted
in all fishing operations during the charter period.

Gillnetting Studies - Large Vessel

A series of variable mesh multifilament gillnets secured end to end to

form one long net were fished daily at preselected stations. Gillnets

were allowed to soak overnight from 8 to 10 hours. A set was made each
evening and retrieved the following morning.

Two sizes of variable mesh nets were used for this sampling design:

1. Thirty-eight by 5.5 m consisting of five 7.6 m panels
of the following stretch mesh sizes (25, 38, 51, 64 and 76
mm) .

2. Twenty-three by 5.5 m consisting of three 7.6 m panels of the
following stretch mesh sizes (102, 114 and 133 mm).

At least nine of the smaller mesh paneled nets were secured end to end
to form one long net (411 m). The larger mesh panel nets were not
fished during the early part of the cruise tominimize adult salmon
catches. Target species were juvenile salmon and herring. Gillnets
were either secured in place overnight by anchors and buoys or else
allowed to drift by tacking one end of the net to the vessel. They were
retrieved with a hydraulic gillnet drum onboard the vessel.

Townetting Studies - Large Vessel

Surface townetting was conducted at preselected stations with a 3x3x9 m
townet equipped with a rigid frame. The cod end of the net consisted of
1.6 mmmesh webbing. Each tow was 30 minutes in duration at a speed of
two to three knots. All tows were conducted in hours of daylight.

Catch Sampling and Data Analysis

The total catch by species and panel size was recorded for each gillnet
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set. All species of salmon were measured (fork length for juveniles and
mideye to fork of tail for adults) and scales collected for later age
analysis. All herring were weighed, sexed, scale sampled, measured
(standard length) and examined for relative maturity. The total weight
of each species captured per set was also recorded. Tow samples were
processed in the same manner as gillnet samples.

RESULTS

Subsistence Utilization Surveys

Surveys to determine subsistence utilization of fishery resources during
the course of these OCS investigations were conducted only during the
1976 field season. Emphasis was directed toward obtaining information

on herring utilization by village throughout the study area with other
fishery resource use documented as possible. Results of the 1976 surveys
can be found in Barton (1977). Information collected in 1977 is included
in the discussion section of this paper since effort was primarily
directed toward obtaining information on fall herring runs and winter
distribution and use. No subsistence surveys, per se, were conducted in
1977. Information was solicited only in villages on the Seward Peninsula:
Golovin, Teller, Shishmaref, Deering and Buckland.

Herring Aerial Surveys

A total of 25 individual aerial surveys were flown throughout the study
area from June 9 through October 28, 1977 (Stuart Island/Cape Stebbins

to Choris Peninsula/Eschscholtz Bay) (Figure 5). Aerial surveillance

was initiated with the onset of ice breakup in Norton Sound and intensified
during peak herring spawning activities along the coast. Surveys included
60 hours of airtime, 8,010 km (4,977 miles) of coverage and 24 survey
days. Coverage of southern and eastern Norton Sound was intensified
throughout mid-July, while intensive coverage of the Seward Peninsula
occurred from mid-July on. A total of 480 fish schools were counted
throughout the season with the following distribution of counts: 192
schools from Cape Stebbins to Cape Nome; 109 schools from Nome to Cape
Prince of Wales; and 179 schools from Cape Prince of Wales to Pt. Garnet
(Table 7). In addition, spawn (milt) was observed on possibly three
occasions.

Most surveys were flown on an opportunistic basis, particularly after
mid-July, due to inclement weather and/or water conditions. Survey
conditions were exceptionally good from early June (after breakup) until
the first weather front moved into the study area on July 23. Foul
weather and extremely bad smoke conditions created from tundra fires
hindered surveys for nearly a month until mid-August. From this time
on, fall sormswere frequent (strong winds especially) throughout the
study area. Storms left coastal water extremely turbid causing poor to
unacceptable survey ratings. As the season progressed into September,
blowing snow and near whiteout conditions hindered and finally terminated
aerial surveillance of the study area in October.

Cape Stebbins to Unalakleet

The only observation of schooled fish made along the coast from Cape
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Stebbins to Unalakleet in 1977 was on June 22 when a single small _school
was observed about ten meters from shore near Black Point. Earl ier
surveys were conducted in this area on June 9, 15 and 17 but no schooled
fish were observed.

Unalakleet to Cape Denbigh

Seven surveys were flown along the coastal waters from Unalakleet to
Point Dexter (north side of Cape Denbigh) from June 9 through July 21.
The first observations of herring were made on June 14 when 22 schools
were seen around the Cape Denbigh Peninsula. Two small schools were
located on the south side of the Cape while 18 small and two medium
schools were observed from the Cape to Point Dexter. No spawning was
observed. Herring were again observed the following day; six schools
near Point Dexter, six schools immediately south of Cape Denbigh, 30
schools between Shaktoolik River and the village of Shaktoolik and three
more small schools observed near Egavik.

Peak aerial counts along this section of the study area occurred on

June 17. Fifty-four schools of herring were counted between Cape Denbigh
and Point Dexter and three schools were located just south of the Cape.
Schools were never observed farther than 300 meters from shore and all
were dark green to blue in color and ball-shaped. No spawning (bands of
fish or milt) was observed.

Three additional surveys were flown along this coastal section on

June 22, June 25 and July 21. Three herring schools were observed near
Cape Denbigh on both June 22 and June 25. None were observed on July 21,
but spawn (milt) was seen about 24 km south of the village of Shaktoolik.

Distribution of schools and peak aerial survey counts along this section
of the study area coincided with peak commercial herring catches in this
area in 1977.

Norton Bay (East of Cape Darby)

The only aerial observations of herring in Norton Bay in 1977 were made
from Elim to Bald Head. Five surveys near Bald Head revealed the presence
of herring on three occasions. Six schools were observed on June 15,

two on June 17 and six on June 25. No herring were observed in this

area on June 14 or July 21. Schools were observed up to 800 m from

shore. No spawn was seen on any of the surveys.

Four medium herring schools were observed on June 25, about 50 m off the
mouth of lIron Creek. One medium and three small schools were also
observed about 800 m offshore near Moses Pt.

Golovin Bay (Cape Darby to Rocky Point)

Five surveys of Golovin Bay were flown from June 14 through July 21.
Only 14 schools of herring were observed: three small schools on June 14
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and four small and seven medium schools on June 25. Most of these
schools were observed in the vicinity of Carolyn Island. However, two
of the medium schools observed on June 25 were located near Cape Darby.
Thus, all schools were observed on the eastern side of Golovin Bay;
between Golovin and Cape Darby. All schools were within 500 m of
shore. No spawn was observed.

Recky Point _to Nome

No spawning was observed in 1977 from Rocky Point to Nome. Only 18
schools of fish were seen: five small schools near Topkok on June 14
and 11 small and two medium schools scattered between Bluff and Rocky
Point on June 17. These schools were oval to round in shape and within
20 m of shore. [ldentity of the schools was not known but could very
possibly have been capelin (Mallotus villosus), herring or sand lance
(Ammodytes hexapterus ). A later survey of this area on August 29
revealed several small schools of fish immediately onshore. An actual
count was not possible due to water conditions and the survey was thus
rated unacceptable. These fish were recorded as sand lance since ground
crews sampled the same area with beach seines on August 28. An estimated
45,000 sand lance were captured in a single set. Numerous other schools
of sand lance were reported by the ground crew in the sampling area on
that date. No herring or capelin were captured.

Aerial surveillance from Rocky Point to Nome was also conducted on
July 10, July 21 and September 21 but no schoals of fish or spawn was
observed.

Nome to Cape Prince of Wales

A total of ten surveys were flown along the coastal waters from Nome to
Cape Prince of Wales during the period June 21 through October 16. Most
effort was from Nome to the Port Clarence/Grantley Harbor complex. Fish
were Ffirst encountered on June 28 when five small unidentified schools
were observed near the mouth of Cripple Creek about eight kilometers
west of Nome. Four medium and two small schools were observed on July 10,
between Cape Wooley and Cape Rodney. These six schools (unidentified)
were moving toward Port Clarence between 75-100 m from shore. The
following day (July 11) 23 more schools were observed from the Sinuk
River to Cape Rodney. This survey was terminated at Cape Rodney due to
cloud cover and wind. Thus, no survey could be made in the Port
Clarence/Grantley Harbor complex but the surveyor indicated more fish
were probably present.

Seventy-two unidentified fish schools (believed to be herring) were

counted from Cripple Creek to Grantley Harbor on July 21. This was the

peak count for this area in 1977. Forty-six of these schools were

located from Cripple Creek to Point Spencer, the majority of which were
within 10-75 m of the shoreline. All appeared moving northward toward

Port Clarence. Three schools were inside the Port Clarence Spit within

50 m of shore. Seven schools were located inside Grantley Harbor immediately
in front of Teller; five more in the upper end of Grantley Harbor at the
Tuksuk Channel mouth and eleven schools ranging from small to medium
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were observed within 10 m of shore from Brevig Mission to Grantley
Harbor entrance.

No fish carcasses (capelin) or spawn (herring milt) was observed on any
of the surveys flown from Nome to Cape Prince of Wales. Inclement
weather limited the number of acceptable surveys flown in the area after
the July 21 survey. Five more surveys were flown and only two more
schools of fish were observed about 200 m from the mouth of the Sinuk
River on August 23. Imuruk Basin surveys were all rated unacceptable in
1977 due to extremely thick phytoplankton present which obscured water
visibility. It is doubtful whether or not spawn (milt) could have been
seen even if it were present in Imuruk Basin. Alt (1971) also found an
extremely heavy phytoplankton bloom in Imuruk Basin in July 1970.

A single small unidentified school was observed near the mouth of Lost
River in 1977 along the coastline from Brevig to Cape Prince of Wales.
The direction of migration could not be determined. This school was
seen on July 11. Two other surveys were flown along this section of
coastline on August 13 and September 9, but no fish were observed.

Cape Prince of Wales to Cape Espenberg

Nine survey attempts were made along the coastal section from Cape
Prince of Wales to Cape Espenberg from July 11 through October 28. At
least five of these surveys were rated as unacceptable, particularly in
the fall (August through October) when smoke and inclement weather
became a problem on the Seward Peninsula.

Peak counts of fish schools occurred on the first survey of July 11.
Fourteen schools (11 small; three medium) were counted in the coastal
waters in front of Ipek Lagoon. These schools were all 50-75 m from
shore and moving toward Shishmaref. A total of 77 schools (20 small; 30
medium; 27 large) were located from Arctic Lagoon along the coast,
northward, to Kividie. About 10 of the large schools were observed in
entrance channels of Shishmaref Inlet on either side of the village of
Shishmaref and also at Kividlo (entrance into Cowpack Inlet). Five of
the medium and one large school were observed inside Shishmaref Inlet
about 20 km northeast of Shishmaref. No survey was flown on that day of
Shishmaref Inlet due to its size and aircraft fuel supply.

A return survey on July 15 from Arctic Lagoon to about 30 km north of
Shishmaref revealed 22 schools (10 small; eight medium; four large)
present along the coastline. With the exception of two small schools
seen near Shishmaref, the remainder were observed further north in the
last 15-20 km surveyed.

The majority of schools observed along the coast on both July 11 and
July 15 were circular to oval in shape and located at the edge of a
littoral shelf. They appeared to be moving in a northerly direction 50-
200 m from shore until they reached the “proper” lagoon channel. No
spawn was observed and the fish were apparently heading for the inlets
and lagoons present along this area of the Seward Peninsula. No schools
were observed between Kividlo and Cape Espenberg apart from the large
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concentration of fish present in the channel mouth to Cowpack Inlet at
Kividlo. Most schools were dark green to bluish in color. Survey
conditions (weather and water) were excellent. Where schools were
observed in more shallow water (on the littoral shelf), they took on
more irregular shapes and appeared lighter in color (brownish). These
two phenomenon were apparently due to fish being more dispersed and
consequently less dense in shallow water.

Coastal marine waters were sampled from Shishmaref to Kividlo from

July 15 throuah July_17 with a rubber raft using_a floating variable
mesh gillnet and snag 1ine (Figure 6). The gillnet was the same as used
by ground crews sampling Norton Sound coastal waters. Total gilinet
soak time for the entire three days was only 15 hours due to Chukchi Sea
ice conditions. No overnight soaks were possible due to large chunks of
pan ice carried by longshore currents and wind. Nets had to be constantly
watched, freguently rolled and reset to avoid movipgicebergs even when
fished in daylight (Photographs 28 and 29). Water clarity was excellent
but no fish schools could be located by boat nor by climing shoreline
bluffs for better observations.

A total of eight gillnet sets were made: one onshore, six offshore near
the littoral shelf (100-200 m) and one in a lagoon channel mouth. In
the sinqle onshore. two and one-half hour set at Glass Ball Bluffs on
July 15, two Arctic char, 44 Arctic flounder(Liopsetta glacialis) and
four Bering cisco(Coregonus lauretta) were captured. Offshore sets
amounted to nine and one-half hours and were made July 16 and 17 from
Skull Flats to Cape Coke. Results were 17 Pacific herring and one
starry flounder(Platichthys stellatus). The three hour set on July 17
in a lagoon channel near Rebel’s Rest resulted in two Bering cisco.

The only finfish taken in all offshore sets, with the exception of one
starry flounder, were Pacific herring. 0Only 17 were captured with most
taken in the lower one-half meter of the gillnet. The net was not

always fishing on the bottom since it was set near the edge of the

littoral zone (where most schools were observed from the air). Consequently,
it is possible that passing fish may have been deeper than the depth of

the net. OFf the 17 herring captured, three were taken at Reindeer Butte

and 14 about five kilometers below Kividlo.

Sixteen of the 17 herring captured were sampled for age, length and
sexual maturity:

11 male Standard length range 174-190 mm.
Mean standard length 183.2 mm (S.D. = 4.6 mm).
Sexual maturity index Il for all samples.
Ten ageable samples all aged V.

5 female Standard length range 180-197 mm.
Mean standard length 187.2 mm (S.D. = 4.3 mm).
Sexual maturity index Il for all samples.
Five ageable samples aged V.

The only success with the snag line produced two egg-bearing shrimp (sp.
ukn) near Glass Ball Bluffs on July 15. One glaucous gull {(Larus
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hyperboreus) was obtained for stomach analysis about five Kilometers
southwest of Cape Coke. Contents consisted of three isopods (Mesidotea
entomon) and one large shrimp (sp. ukn).

As a result of the three day test fishing trip, fish schools observed on
July 11 and 15 along this section of coastline were recorded as herring.

Nine small and three medium schools of fish (believed to be herring)
were observed on August 6 from Ipek Lagoon to Shishmaref. The survey
was aborted due to low ceilings from smoke but the surveyor believed
more schools were present. Eight more schools (six small, two medium)
were again observed under similar survey conditions (poor) in the same
vicinity on August 20. Four other attempts were made to survey this
coastal area, but all survey ratings were unacceptable and no schools
were seen.

Cape Espenberg to Choris Peninsula (Eschscholtz Bay)

At least four attempts were made to survey parts of Eschscholtz Bay from
July 11 through August 20. The best survey was made on July 20 when
fair to excellent survey conditions prevailed. Nineteen schools (nine
small; eight medium; two large) were observed within 150 meters of shore
from Rex Point to the Inmachuk River. No spawn was seen but fish were
believed to be herring based upon timing information gleaned from local
residents at Deering. Four more schools were observed on the east side
of the Choris Peninsula.

A survey was flown on August 13 in which three schools were observed
near Deering in addition to one sighting of possible spawn (milt). The
survey was rated as unacceptable due to smoke and weather conditions. A
survey of the area on August 20 resulted in the sighting of 17 small and
one medium school along the coast from Rex Point to Kugruk Lagoon. Most
of these schools were located just east of Nine Mile Point. Light
spawning was observed in the immediate vicinity of Cape Deceit.

Nearshore Finfish Surveys

A total of 32,458 finfish were captured in 1976 from the Yukon River
Delta to Golovin Bay during the period June 9 through September 21. In
1977, 83,292 finfish were captured in the coastal waters of Norton Sound
from St. Michaels to Port Clarence during the ice free period of May 30
through October 21. Combined catches for both seasons amounted to

115,750 finfish representing 38 species and 15 families (Table 8).
Various cottids were also captured but were only identified to family
(Cottidae) after approval from the OCSEAP project office. The 38 species
identified were represented by 19 marine, 10 anadromous and nine freshwater
forms (50.0, 26.3 and 23.7 percent, respectively). Species diversity by
area and gear is shown in Tables 9 and 10.

The percent of marine, anadromous and freshwater species occuring in
coastal marine waters in 1976 and 1977 were quite consistent from area
to area (Figure 7 and Table 11). Marine species ranged from about 50-53
percent, anadromous species about 32-35 percent, and freshwater species
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about 11-15 percent in all marine waters sampled. Figure 7 also shows
the increase in percent occurrence of anadromous and freshwater species
in brackish water and the decrease of marine forms.

Pacific Herring

A total of 2,352 herring were captured in 1977 throughout the study area
from May 30 through October 21: 2,065 adults (88%) and 287 juveniles
(12%). Juveniles were sexually immature, virgin fish (ages 0,1,11) and
quite often could not be sexed. Twenty percent of the herring were
captured in beach seines, 51 percent in floating gilinets and 29 percent
in sinking gillnets.

A total of 306 herring were captured in Golovin Bay (Area A) of which 20
percent were juveniles (Table 12). Largest catches occurred in the Port
Clarence area (Areas G,H,1): 1,750 adults (89%) and 215 juveniles
(11%). Only 71 adult and 10 juvenile herring were captured in the
remaining nearshore waters of the study area (Areas B,C,D, F). However,
fishing effort in 1977 was limited in areas apart from Port Clarence and
Golovin Bay. Only the Port Clarence and Golovin Bay areas were sampled
from ice breakup to freezeup; the remaining coastal areas were only
sampled periodically through mid summer.

Port Clarence - Grantley Harbor - Imuruk Basin: Beach seines captured
95% of all juvenile herring taken in the Port Clarence area but only 11%
of the total adult herring catch. Floating gilinets were the most
effective in catching adult herring (57%) followed by sinking gillnets
which resulted in 32% of the adult herring catches (Tables 13 and 14).
Of the juveniles captured, 59% were taken in Imuruk Basin with 23% and
18% taken in Grantley Harbor and Port Clarence, respectively. A total
of 58% of the adult herring catches were in Grantley Harbor, with 36% in
Port Clarence and only six percent in Imuruk Basin. Fishing effort
however was lowest in Imuruk Basin.

No significant selection to sex by any of the gear types was found. The
male to female ratios by gear types was 1:1.2, 1:0.8 and 1:1.1 for beach
seines, floating gillnets and sinking gillnets, respectively. The
overall sex ratio was 1:0.95 (Table 15).

Relative maturity of herring captured in the Port Clarence area was
monitored by age class and date (Tables 16 through 18). Sexual maturity
began mainly in the third year, also in the fourth and rarely in the
fifth year. Relative maturity by sex for the entire season was also
examined (Figure 8). Results show 75.8% of all males examined in 1977
from the Port Clarence area spawned and 71.9% of all females examined
spawned. Therefore, it can be assumed that the ratio of male to female
spawners approached one to one. Results on relative maturity also
showed that adult herring captured in the spring were spawners while
those in the fall were non-spawners (Figures 9 and 10). Most herring
captured during the spring and summer were post spawning fish (Figure
11) indicating at least some spawning occurred prior to the start of
sampling. Juvenile herring were not captured in significant numbers
until mid-August although they were captured in the spring during ice
breakup.
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A total of 1,068 herring were sexed and measured (standard length)
throughout the sampling season. The overall mean length for males and
females combined was 185.5 mm, having a standard deviation of 24.4 mm
(Figure 12). Mean length at age was calculated on 834 herring (Figures
13 and 14; Table 45).

In addition to the 834 herring which were compared for mean length and
age, 78 more juveniles were captured during the season but no scales
were available for age analysis. Nineteen juveniles were captured on
June 29 in Grantley Harbor. The mean standard length for these herring
was 88.0 mm with a standard deviation of 9.96 mm. It is not known
whether these herring were Age O or Age |I. Fifty-seven juvenile herring
were captured at several stations throughout the Port Clarence area from
August 22-30. Their mean length was 40.9 mm (standard deviation equals
13.1 mm). It is safe to assume that these 57 fish were young of the
year (Age class 0) since the Age O herring in Tabie 45 have a mean
length of 90.5 mm and they were all captured from September 29 through
October 8 (approximately 30 to 35 days later). This represents a daily
growth rate of about 1.4 to 1.7 mm or 3.5-4.0% in this area for Age
Class O herring. Two other juveniles were captured in Imuruk Basin; one
on July 10 (length 89 mm) and the other October 4 (length 99 mm).

One hundred and three herring ranging from 0-14 years of age were sampled
in October for fork and standard length comparisons by sex. Results
were plotted and linear regressions calculated for each sex (Figure 15):

Sex n Slope (@) Intercept (b) r r2

male 37 1.08158 2.14568 0.99507 0.99016
female 56 1.08548 0.91009 0.99576 0.99153
juvenile 10 1.08121 2.35171 0.99703 0.99407
combined 103 1.07922 2.33062 0.99839 0.99678

A change in age composition occurred from spring (breakup) to fall
(freezeup) in the Port Clarence area in 1977 (Figures 16 through 19).
Both juvenile and adult herring were present in the spring with the
oldest ageable herring being 15 years. Spring spawning herring were
dominated by Age Class V (75.6%). As the season progressed into the
summer and fall, Age Class V herring were still abundant but Age Class
111 herring dominated the percent age composition. Age Class V was
again dominant by freezeup followed closely by Age Class IIl. The
highest percentage of ageable juvenile herring were Age Class 0 followed
by Age Class | and Age Class Il. Herring as old as 14 years were present
throughout the entire sampling season. Fifty-six percent of the herring
captured in Imuruk Basin were juveniles (Age Class 0,1,11), while only
six and five percent of herring captured in Port Clarence and Grantley
Harbor, respectively, were juveniles. These figures include both aged
and non-aged juveniles.
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Golovin Bay: Beach seines captured 100% of the catch of juveniles and
less than one percent of the catch of adult herring in Golovin Bay in
1977. With the exception of two Age II herring captured in early July
identified as spawners, all juveniles (sexually immature fish) were
taken in early September at a single station in Golovin Bay. This
location was at Carolyn Island on the east side of Golovin Bay. Floating
illnets captured 79% of all adult herring; sinking gillnets caught 21%
?beach seines caught only one adult herring). There was no apparent
selection by sex of different gear types and the overall male to female
ratio was 1.00:0.61 (Table 19).

Relative maturity of herring captured in Golovin Bay was monitored by
age class and date. Sample size of juvenile herring was too small to
determine when sexual maturity begins but some evidence suggested it
occurs in the third and fourth year. Results on relative maturity show
that herring captured in the spring were spawners while those in the
fall were non-spawners (Figure 20).

A total of 228 herring were sexed and measured (standard length) throughout
the sampling season. The overall mean length for males and females

combined was 212.8 mm with a standard deviation of 28.3 mm (Figure 21).

Mean length at age was calculated on 229 herring (Figures 22 and 23;

Table 45).

One hundred fourteen herring ranging from 1-9 years of age were sampled
in October for fork and standard length comparisons by sex. Results
were plotted and linear regressions calculated for each sex (Figure 24):

Sex n Slope (a) Intercept (b) r r

male 69 1.04224 6.21020 0.99546 0.99094
female 45 1.02564 9.89105 0.99580 0.99162
combined 114 1.03596 7.59044 0.99561 0.99124

There was Tittle change in the percent age composition of spring spawning
herring and non-spawning fall herring. Herring of Age Class IIl were
dominant followed by Age Class V (Figure 25). Herring of older ages

were present in both the spring (up to Age Class X) and fall (up to Age
Class 1X) samples.

Stomach Analysis: Most of the 146 herring stomachs examined (75%) from
the spring of 1976 at IMS were either empty or contained only traces of
food 1tems. Only 25% of those stomachs examined were at least 25% or
more full of which only 3.4% were 100% full (Table 20). The frequency
of occurrence and percent number of food items found per stomach are
shown in Table 21 and Figure 26.
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Juvenile Salmon

In 1977 good sampling coverage was made in the Golovin Bay area (Area A)
with limited coverage along the southern and eastern coastline of Norton
Sound (Areas B,C,D). However all four areas, unlike 1976, received
coverage during a two week period immediately following ice breakup.

The best coverage in 1977 was in Area A.

A total of 4,584 and 1,717 juvenile pink and chum salmon, respectively,
were captured in beach seines in Golovin Bay from June 9 (ice breakup)
until July 9. Catches of both species peaked from June 20 through

June 26. The last juvenile pink salmon was captured in Golovin Lagoon
on July 7 while the last juvenile chum salmon in the nearshore waters of
Area A was captured in outer Golovin Bay on July 9.

Fork lengths of 329 and 360 juvenile pink and chum salmon, respectively,
indicated that juvenile chum salmon average about 4.2 mm larger than
juvenile pink salmon (Table 22 and Figure 27). Overall mean fork lengths
were 38 mm and 42 mm for pink and chum salmon, respectively. Juvenile
pink salmon increased from about 32 mm in the second week of June to
about 54 mm by the first week in July (Table 23). This increase in
growth (22 mm) over 28 days indicates a daily growth rate of 0.79 mm.
Juvenile chum salmon for the same period increased from about 35 mm to
about 59 mm, resulting in a daily growth rate of about 0.86 mm. Growth
curves are shown for each species in Figures 28 and 29.

The only other area where juvenile salmon were captured in any numbers
was between Bluff and Rocky Point (Area F). A total of 75 juvenile pink
salmon and 14 juvenile chum salmon were captured during Period 1 on

June 27 and 28. The mean fork lengths of the juvenile pink salmon were
44.5 mm and 52.0 mm on June 27 and 28, respectively. No measurements
were taken on the chum salmon. Ninety additional juvenile pink salmon
were captured in this area during Period 2 but no lengths were taken.

Only 11 juvenile chum salmon and no juvenile pink salmon were captured
throughout the remainder of the study area in 1977. Seven of the chum
salmon were caught in Area C, one in Grantley Harbor and one in Imuruk
Basin. The only other juvenile salmon captured in 1977 consisted of 12
cohos taken in Golovin Bay during Periods 1-3.

Larval Fish Catches

A total of 5,402 larval fish were captured incidentally in beach seines
throughout the nearshore waters of the study area in 1977. Three families
were represented: 1) Osmeridae, 2) Gadidae and 3) Cottidae (Table 24).
Two species of Osmerids were identified: boreal smelt and pond smelt.
These catches were not included when calculating catch per unit efforts
since they were considered too small to be effectively captured by
sampling gear. However, Osmerids were by far the most abundant and
frequently encountered larval fish. Larval boreal smelt were encountered
in all areas while larval pond smelt were only encountered in Imuruk

Basin (Area 1).
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Other Finfish Catches

Combined gillnet and beach seine effort in coastal marine waters from

St. Michaels to Port Clarence resulted in a total finfish catch of

83,123 from May 30 through October 21,1977 (Table 25). Included in this
catch were 5,402 larval fish taken with beach seines. An additional 169
finfish were captured in beach seines in the lower part of Fish River

and the Unalakieet River lagoon. Excluding these latter areas (E and

URL), 155 beach seine sets were made in marine waters. Only two sets

did not produce catches. These two sets were in the Port Clarence/Grantley
Harbor area. The remaining 153 sets resulted in 73,326 finfish (excluding
larval fish catches).

The highest beach seine CPUE (6,302) occurred in the area from Rocky
Point to BIuff (Area F) (Figure 30), reflecting the high abundance of
sand lance along this section of Norton Sound. The lowest beach seine
CPUE's were in southern Norton Sound from Egavik to Cape Stebbins, being
less than 40 fish per set. Beach seine CPUE's from Egavik to Cape
Denbigh, in Golovin Bay and in the Port Clarence/Grantley Harbor area
ranged from 131-239 fish per set. Higher catches were experienced in
Imuruk Basin; 444 fish per set.

Excluding the Unalakleet River lagoon and Fish River sampling effort,

509.4 gilinet hours were fished in 1977. Thirty-eight percent (193.6

hours) of this effort was made with sinking gillnets (offshore sets)

while 62% (315.8 hours) was with floating gillnets (onshore sets) (Table 25).
The average duration of offshore and onshore sets was 1.3 and 1.4

hours, respectively. Negative catches occurred in 26.1% (50.6 hours) of

the offshore sets while only 9.8% (30.8 hours) of the onshore sets

resulted in no catch.

Offshore sinking sets throughout the study area always caught the

fewest species and numbers of fish in both 1976 (Barton 1977) and 1977.
Onshore floating sets were more closely, i1f not equal to beach seines in
the number of species captured. The average water depths for sample
areas where offshore sets were made with sinking gillnets were:

South and eastern Norton Sound (Areas B,C,D) 4.
Golovin Bay to BIuff (Areas A,F) 5.
Port Clarence area (Area H) 3.
Grantley Harbor area (Area G) 3.
Imuruk Basin area (Area I) 3.

4.

4
7
6
4
1
Mean depth for entire study area 4

=2E3=3=333

It is difficult to say in which area certain species or fish were most
abundant in 1977 since all areas did not receive equal coverage during
each two week sampling period. Species abundance varies by area with
time as shown by CPUE values (Table 26). Among the most abundant
species captured in 1977 were sand lance, pond smelt Hypomesuss olidus),
juvenile pink and chum salmon, saffron cod (Eligenus gracilis), starry
flounder and Pacific herring.
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The three most frequently encountered species in 1977 captured in beach
seines for the entire season and all areas combined were starry flounder
(43%), saffron cod (41%) and pond smelt (37%). The three most frequently
occurring in gilinets were saffron cod (33%), starry flounder (30%) and
Pacific herring adults (27%). Percent frequency of occurrence for gear
types combined was saffron cod (36%), starry flounder (34%), Pacific
herring (19%) and pond smelt (11%). Again, the percent frequency of
occurrence among species also changed with time and by area just as
species abundance (Table 27).

Southern and Eastern Norton Sound: A total of 25 stations were fished
from Cape Stebbins to Cape Denbigh_(areas B, C, D) in 1977 (Figure 3).
Only el even of the 25 stations could be beach seined in addition to
fishing gillnets. Consequently, beach seine effort was minimal along
this area of Norton Sound.

The first sampling round was conducted during the first two weeks following
ice breakup from May 30 through June 20 (Period 1), with a second round

of sampling conducted from July 16 through August 10 (Periods 4 and 5).

A total of 17 seine sets and 99.9 gillnet hours were fished during these
periods. The CPUE was 91.4 fish. Beach seines and floating gillnets
captured 19 different species of fish while sinking sets only captured
eight species. Sand lance was the only species captured in 1977 which

was not found in these areas in 1976. All were captured in Period 4 in
two seine sets; 600 at Wagonbox Creek near Golsovia and 135 at the mouth

of Junction Creek between Egavik and Beeson Slough.

Four juvenile herring (3 years of age) were among the nine fish caught
in sinking gillnets in area B during the entire sampling season. They
were captured in Period 4 on the south side of Cape Denbigh. Six more
juvenile herring were also captured in Period 4 with beach seines and
were taken near the mouth of Wagonbox Creek in area D.

The only juvenile salmon captured were caught during Period 1 in area B.
Twelve pink and seven chum salmon juveniles were all captured on the
north side of Tolstoi Point. No other juvenile salmon were captured in
any of these three areas in 1977.

The most abundant species captured with beach seines in area C was
saffron cod while sand lance were the most abundant in seine catches in
areas B and D. Arctic char, starry flounder and Pacific herring adults
were among the most abundant species taken with gillnets in all areas.
Ciscos were also abundant. Least cisco, boreal smelt {Osmerus eperlanus)
and starry flounder were among the most frequently encountered species

in these three areas.

\Al : Sampling in Golovin Bay from Cape Darby to Rocky Point

ea A began June 9 (breakup) and was conducted through July 20 (Periods
1-3) (Figure 3). Further sampling was conducted from August 19 through
October 21 (Periods 6-9). A total of 14,928 fish were captured in 68
beach seine sets. Forty-four sinking gillnet sets captured 230 fish
during 69.9 hours of fishing time. Floating gillnets fished for 182.7
hours resulting in 879 fish. The CPUE for sinking and floating gillnets
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was 3.3 and 4.8, respectively, for the entire sampling season. The
beach seine CPUE was 219.5 fish. Fourteen species were represented in
the sinking gillnet catches, 17 in floating gillnet and 22 in beach
seine catches.

Abundance of fish, based upon CPUE indices, varied by species with time
(Table 28). For example, juvenile salmon were only present in significant
numbers during Periods 1 and 2 and were not found anytime after Period

3. Sand lance were present in large numbers beginning in Period 3 and
remained significantly abundant through .Period 7; very few were captured
in the early spring or fall in Golovin Bay. Gillnet catches of herring
were only made during Periods 1, 7 and 8 in 1977, although beach seines
caught herring in all periods fished.

The most abundant species captured with beach seines in Golovin Bay in
1977 were sand lance and pink and chum salmon juveniles. Pacific herring,
saffron cod and starry flounder were the three most abundant species
captured in gillnets in 1977. Among the most frequently encountered
species taken in gillnets were saffron cod, Pacific herring, starry
flounder and humpback whitefish. Saffron cod, starry flounder and
ninespine sticklebacks were the three most frequently encountered species
in beach seine.

Port Clarence Area: Selected stations were periodically fished in the
Port Clarence area (areas G, H, 1) from June 27 through October 12, 1977
(Figure 3). Gillnets were fished” 137.3 hours of which 48%, 38% and 14%
of the effort was in Port Clarence, Grantley Harbor and Imuruk Basin,
respectively. The highest gilinet CPUE occurred in Grantley Harbor and
the lowest in Imuruk Basin. Adult Pacific herring were the most abundant
species captured with this gear type in both Grantley Harbor and Imuruk
Basin and the third most abundant in Port Clarence. This species was
also the most frequently encountered with gillnets in all three areas.
Other abundant species captured with gilinets in these areas were saffron
cod, Bering cisco, starry flounder and boreal smelt.

The highest beach seine CPUE occurred in Imuruk Basin followed by
Grantley Harbor and Port Clarence, respectively. Pond smelt, sand lance
and saffron cod were the three most abundant species captured with beach
seines in Grantley Harbor and Port Clarence, while pond smelt, ninespine
sticklebacks (Pungitius pungitius), least cisco and juvenile Pacific
herring were the most abundant as well as frequently occurring species

in Imuruk Basin. Saffron cod, pond smelt, sand lance, juvenile Pacific
herring and least cisco were the most frequently occurring species in
Grantley Harbor and Port Clarence. Abundance and frequency of occurrence
of species varied from area to area with time.

Length Frequencies: A total of 12,000 length measurements were obtained
from species other than herring. An examination of the ranges and means
sampled by gear type (Tables 29 through 32 and Figures 31 through 41)
shows that larger and/or older fish were sampled with gillnets, whereas
beach seines were more selective for smaller and/or younger fish.

Except in the southern and eastern portion of Norton Sound (Areas B, C,
D) beach seines always captured more species than gillnets (Figure 42).
They also captured larger numbers of fish (in all areas) than gillnets.
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This is probably due to the affinity of small and young fish to school
in large numbers.

Physical and Chemical Data

Surface water temperatures revealed the southern coastal section of
Norton Sound to be much cooler than in other areas examined during the
first two weeks following ice breakup in early June (Table 33). This

was the last area in eastern Norton Sound to become ice free (Photographs
1 through 3). Water temperatures in the Golovin Bay and Port Clarence
areas were much warmer for the same period of time, probably owing to

the influx of relatively warm river water in these areas.

Surface salinities were monitored along eastern Norton Sound coastal
areas in 1976. The lowest salinities occurred in June and progressively
increased into the fall (Table 34). This is probably a function of
melting pack ice and freshwater runoff throughout the season from many
of the river systems in Norton Sound as well as Yukon River discharge.

Stomach Analysis

A detailed discussion of results on the stomach analysis of 23 species
of finfish collected from eastern Norton Sound in 1976 can be found in
Neimark et al. (1978). Opossum shrimps (Neomysis spp) were found to be
the most important food source. This genera was the most frequently
occurring prey and occupied the largest percentage by volume of stomach
contents. Unidentified eggs and the copepods,_ Acartis clausi and
Eurytemora spp. were the most abundant food item in stomach contents.

It was found that most predators appeared to be opportunistic feeders,
although boreal smelt and saffron cod, the most frequently captured fish
species, were generalists, i.e., they consumed all food groups. Eighty-
five different taxa of prey were identified. Larval boreal smelt were
among the most important prey consumed. This taxon occurred in 30% of
the 23 fish species examined.

Offshore Finfish Surveys

The Royal Atlantic fished preselected townet and gillnet stations in the
offshore waters of Norton Sound from June 22 through July 12. An attempt
was made to enter the Chukchi Sea on July 8 to begin sampling in Kotzebue
Sound. However, severe pack ice conditions necessitated return to

Norton Sound. An aerial survey along the Seward Peninsula was flown on
July 11 to examine ice conditions in Bering Strait and the Chukchi Sea
(Photographs 6 and 28). The large vessel charter was terminated on July
12 due to main pack ice and drifting pan ice conditions which precluded
entry into the Kotzebue Sound study area at Cape Espenberg.

Gillnetting Studies

A total of 22 offshore gillnet sets were made in Norton Sound resulting

in 232.9 hours of total soak time. Sets ranged from 4.2 to 23.0 hours
in duration with an average of 10.6 hours per set. Seven stations were
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fished with stationary gear while 15 sets were made by drifting with the
gillnets. Distance drifted ranged from about two to ’forty kilometers
with an average drift of ten kilometers for the 15 drift sets. Two of
the 22 sets made (23%) resulted in no catch.

Surface water temperatures at the 22 gillnet stations ranged from 3-15
Co with an average temperature of 9.9°C. Depth of stations sampled
ranged from 5-36 m with a mean of 15.7 m.

Eight species were represented in a total catch of 345 fish:

Species Catch Percent
Pacific herring 315 91
Arctic char 11 3
Starry flounder 8 2
Bering Cisco 5 1
Chum salmon 2 |
Coho salmon 2 i
Pink salmon | TR
Cottid | IR
Total 345 100

Ninety-one percent of the total catch was Pacific herring of which 82%
were captured in only two of the 22 stations sampled (Stations 1 and 20)
(Table 35). Consequently, data was grouped as follows for analysis of
herring results: station 1; stations 2-19; stations 20-21; and, station
22 (Table 36). A1l herring catches in offshore waters occurred in
Norton Sound (east of 166° W. longitude) with the exception of a single
specimen captured on July 2 inside Port Clarence.

Spawning herring were taken only in June at stations 1-6 (Table 37).

Post spawners were captured from July 9 through July 12 at stations 19,

20 and 22. Sexually immature herring (gonad index 1) were present at
all stations where herring were captured in significant numbers. These
were predominantly Age Class 111-V herring (Table 38). Relative maturity
by age class is shown in Figure 43.

Herring catches were examined by panel mesh size and results revealed

20% were captured in 38mm, 68% in 51 mm and 12% in 64 mm mesh (Table 39).
Various mesh sizes were selective on herring age classes (fish size)
(Figure 44). Age Classes IV and V dominated catches from 38 mm mesh
nets; Age Classes V - VIII dominated in 51 mm mesh nets; and, Age Classes
VI1I and IX were dominant in 64 mm mesh catches.

Mean length and weight-at-age were plotted for the total herring catch

in 1977 (Figure 45). Percent age composition of herring captured on

June 22 at station 1 were dominated by Age Classes VII and VIII, while
those taken on July 10 at station 20 were predominantely Age Class V
(Figure 46). Overall length frequency distribution is shown in Figure 47.

Lengths and weights of other species captured were:

1. Fork lengths for eleven Arctic char ranged from 149-485 mm
with a mean of 292 mm (SD=118.3). Weight ranged from 21-1,175
gmswith a mean of 350 gms (SD=329.1).
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2. Five boreal smelt captured ranged in length from 169-360 mm
with a mean of 241 mm (SD=93.1?. Range in weight was from 58-
367 gms with a mean of 169 gms (SD=155.1).

3. Eight starry flounder ranged in length from 259-425 mm with a
mean of 363 mm (SD=53.6). Range in weight was from 167-1,000
gms with a mean of 627 gms (SD=254.7).

4. Two adult male chum salmon had weights and lengths (mideye to
fork of tail) of 3.4 and 3.8 kgs, and 575 and 603 mm, respectively.
An adult coho salmon female measured 580 mm with a weight of
4.0 kgs. A juvenile coho salmon measured 162 mm (44 gins)
while a single adu”t male pink salmon measured 455 mm and
weighed 1.45 Kkgs.

Townetting Studies

A total of 83 thirty minute tows were made in Norton Sound from June 22
through July 13, 1977. Depth of towing stations ranged from four to 36

meters with an average of 14.7 m. Surface water temperatures among
stations ranged from -1° to +15°C. with a mean of 9.2°C.

Species captured and frequency of occurrence of each are shown in Table 40.
Larval fish were the most frequently encountered (66%) but were considered
as incidental catches due to their smail size. Larval fish catches
consisted of: Cottidae; Gadidae (Elegin; graciiisjy Stichaeidae {Lumpenus
sp.); Agonidae (Sarritor frenatus); Liparidae (Liparis sp.); Osmeridae
(Mal 1 otus vi 17losus); and Ammodytidae (Ammodytes hexapterus ).

Larval fish were encountered throughout the entire sampling period.

Figure 48 shows the general distribution of larval fish catches as well

as stations or areas (in the case of gadids and sandlance) where distribution
of these species was documented. Catches from many stations were mixed
when submitted for identification and the station of occurrence for a
particular species could not be determined. Consequently distribution,
apart from where larval fish in general were captured, is not completely
accurate. For example, gadids made have also been present in other

areas denoted as larval fish in addition to areas designated as gadid
occurrence. The only completely accurate distribution information concerns
crab larval. All larval crabs (species unknown) were taken in the

vicinity of Port Clarence.

Five fish species were captured in addition to larval fish during the
sampling period: Ninespine sticklebacks, starry flounder, Bering wolffish
(Anarhichas oriental is), saffron cod and pink salmon. Forty-five ninespine
sticklebacks were taken at eight stations. Forty-two were measured and
ranged from 37-56 mm. The mean length was 49 nun. Eleven starry flounder
were captured at five stations and their mean length and weight were 309

mm and 355 gins, respectively. Lengths and weights ranged from 242-387

mm and 152-825 gins, respectively.




Three juvenile wolffish were captured at three stations and had lengths
of 42, 42 and 50 mm. A single juvenile saffron cod was captured. Its
length was 92 mm and weight three grams. A single juvenile pink salmon
was captured off Cape Nome on June 23 and measured 31 mm (0.7 gins).

Anuk River

Hand purse seining for salmon smelt in the Yukon River was conducted for
23 days at eight stations during the period June 7 through July 7. A
depth profile of the sampling area was developed (Figure 49). The
deepest part of the river was 16.2 meters on the cut bank side near the
mouth of the Anuk River. The Yukon River water current was estimated at
2.1 m/see at the sample location.

A total of 1,915 finfish were captured during the sample period of which
five were lamprey (Table 41). The most abundant catches were juvenile
whitefish species (Figure 50). Distinction between juvenile broad and
humpback whitefish could not be made. Juvenile burbot and chum salmon
smelt, respectively, were the next most abundant species captured.

Catch per unit effort (number of fish per seine set) was calculated for
each species to examine spatial and temporal distribution during the
sampling period (Figures 5? through 58). Although there was no apparent
affinity of any species to migrate down a particular section of the
river, distinct differences in timing by species occurred (Table 42).
Peak catches of chum salmonsmelt occurred onJune 13 and 15. No salmon
smelt were captured in significant numbers after June 24. A downstream
migration of juvenile whitefish, juvenile burbot and juvenile sheefish
was documented, occurring during the first week of July.

Fork lengths were collected on 265 chum salmon smelt throughout the
sample period (Figure 59 and Table 43). Lengths ranged from 31-58 mm,
with a mean of 41 mm and standard deviation of 7.5 mm. Ninety-two
juvenile sheefish fork length measurements ranged from 35-74 mm with a
mean of 56 mm (Figure 60). Juvenile whitefish were also sampled for
fork length. Eighty-nine ranged from 20-51 mm with a mean and standard
deviation of 34 mm and 7.1 mm, respectively (Figure 61). An additional
468 measurements fell between 20 and 45 mm, but no mean was calculated.
Thirty-five juvenile burbot ranged from 18-32 mm, with a mean and standard
deviation of 23 mm and 3.4 mm, respectively. An additional 88 ranged
from 19-25 mm. A single burbot specimen measured 105 mm (Table 43).

Daily water level fluctuations in the Anuk River (Figure 62) and surface
water temperatures (Figure 63) in the Yukon River were monitored at noon
from June 6 through July 7. Peak chum salmon smelt catches occurred
when water temperatures ranged between 9°-11°C. Peak catches of other
juvenile fish occurred when water temperatures were 14°-14.5°C during
the first week of July.
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DISCUSSION
Subsistence Utilization Surveys

Species utilized for subsistence differs somewhat by village throughout
the study area (Table 44). A similarity does exist among villages in
that about seven families of fish are used by almost all villages to ,
some degree. These include: Clupeidae, Osmeridae, Gadidae, Pleuronectidae,
Salmonidae, Coregonidae, and Thymallidae. Species Utilization depends
to a great extent upon seasonal availability. Herring for example are
captured in the spring when spawning runs occur in the southern and
eastern portion of Norton Sound. Villagers residing on the Seward
Peninsula, however, take herring both from spring spawning runs and also
in the fall when herring appear in nearshore waters, at for example,
Golovin, Teller and Shishmaref. Another species which is taken onan
opportunistic basis is capelin which apparently spawn along the beaches
of Nome in some years.

Saffron cod are utilized in all villages but subsistence effort is
primarily limited to the fall and winter months. Its use is supplemented
by other fishery resources during the spring and summer although this
species is present year round in all areas according to survey information.

It was not possible to accurately quantify the amount of herring or

other fishery resources harvested for subsistence purposes during the
course of these investigations for two major reasons: 1) absence of
village fishermen at the time of subsistence surveys; and, 2) the absence
of subsistence caught fish on many occasions for identification by 0CS
personnel. Information obtained from personal interviews often resulted
in a local name (underlined in Table 44) given for a fish species taken
for subsistence use. The authenticity of species harvested could not be
verified by the surveyor since fish were often unavailable. These
problems also occurred in studies conducted south of the Yukon River
Delta in 1976 (Barton et al. 1977). However, they seemed more pronounced
north of the Yukon River. Typical examples include capelin being called
“hooligan” in the Nelson Island area and "cigarfish" in Nome; pond smelt
are also called "cigarfish" by some residents of Nome and other areas of
Norton Sound; ciscos are referred to as “herring” in some areas of
Kotzebue Sound and are called “whitefish” by Shishmaref residents.

A third factor which hindered accurate catch quantification was differences

found in units of catch reporting. Residents would record subsistence
catches in numbers, strings, sacks, buckets, tubs or pounds of fish.

Herring

Most subsistence fishing for herring within the study area centered on
spring spawning runs, although a number of residents from Golovin
northward to Kotzebue also harvested herring from non-spawning fall runs
to a limited extent. Limited winter catches are also made while jigging
for cod through the ice from Port Clarence northward. Consequently, the
duration of herring subsistence fishing normally lasts for only a short
period each year. Effort generally commences immediately following ice
breakup of the Bering and Chukchi Seas from late May to early July with
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intense fishing usually lasting not longer than two to three weeks. An
exception to this is the limited fall herring harvests made on the
Seward Peninsula.

Most subsistence caught herring are intended for human consumption.

They are generally woven into grass strings or draped over wooden racks
and allowed to sun-dry for several days. Late fall and winter herring
are often eaten raw after freezing and slicing into small pieces. Some
are fed to dogs, especially in those villages where dog teams are more
common. Herring spawn on rockweed kelp is also harvested but on a small
scale. Its use is primarily confined to southern and eastern Norton
Sound.

Herring are usually caught with set gillnets with mesh sizes of 57-64 mm
although some are beach seined. Gillnets are either purchased or
salvaged Japanese nets found washed ashore.

Herring use as a subsistence item throughout the study area is influenced
by timing and abundance of herring spawners, occurrence of other fishery
resources, occurrence of marine mammals and large game animals, commercial
salmon fishing and other employment opportunities, such as firefighting,
and the number of dog teams per village. These factors no doubt influence
the extent of use of other fishery resources as well.

Survey results from 1976 indicated that herring were more important as

a subsistence item in Norton Sound than in Kotzebue Sound. In general,
subsistence use by village decreases in a northerly direction with
greatest herring harvests occurring in southern Norton Sound. Utilization
at Point Hope was not documented. Stebbins and St. Michaels residents
utilized herring in 1976 more than other residents throughout the study
area. Commercial salmon fishing is restricted in this area.

Residents of Unalakleet, Shaktoolik, Moses Pt., and Elim also utilized
herring, but most effort was devoted toward commercial salmon fishing,
thereby, limiting the effort on herring. Subsistence fishing for herring
by villagers along the Seward Peninsula was quite limited in 1976. This
was attributed to the lack of dog teams and occurrence of other fishery
resources available for harvest such as smelt, whitefish and sheefish.
0CS ground crews in 1977, had difficulty in finding local residents in
Teller who wanted excess herring captured for samples from the spring
spawning run in late June and early July. Subsistence effort in 1976
and 1977 in Kotzebue Sound appeared to be centered around the harvest of
marine mammals and large game animals.

Most Norton Sound residents indicated that herring subsistence utilization
has decreased from previous years for three major reasons: 1) lack of

dog teams, many of which have been replaced with snowmachines; 2) employment
opportunities, and 3) fewer numbers of herring. Many also feel that

foreign fishing effort has reduced herring abundance from previous

years. This view was also shared by coastal residents on the west coast
residing below the Yukon River Delta (Barton et al. 1977).

It should be realized, however, that the major gear for subsistence
herring fishing throughout the study area is set gillnets having a
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particular mesh size (generally 57 to 64 mm). Results from the Rayal

Atlantic cruise in 197/ indicate that these mesh sizes select older age

classes (larger) of herring. Barton et al. (1977) also found a similar
situation for gillnet caught subsistence herring near Cape Romanzof in

1975. Therefore, in years when the age composition of herring is predominantly
111-V, smaller subsistence catches may be experienced than when the

predominant age class composition is VI-IX. This is one factor which

should be considered when examining catch trends.

It i1s apparent that herring are more important as a subsistence item to
residents below the Yukon River Delta than to those residents in Norton
Sound and Kotzebue Sound. This difference in herring subsistence
utilization may possibly be explained by: 1) The availability of alternate
food sources, e.g., marine and large terrestrial mammals; 2) a lower
abundance of herring; and, 3) employment opportunities north of the

Yukon River.

Clupeidae (Herring)

Timing and Distribution

Appearance of herring on spawning grounds appears to be greatly influenced
by climatological conditions particularly the extent and distribution of
the Bering Sea ice pack. Results reveal that herring spawn throughout
most of Norton Sound during the spring and early summer (late May through
June). Spawning occurs slightly later in the Port Clarence area (late
June through early July) and mid to late July along the northern portions
of the Seward Peninsula. Some evidence found in 1977 suggests that
spawning may occur as late as August in parts of Kotzebue Sound.

The first record of herring spawning was reported in St. Michaels Bay in
mid June in 1976 and 1977. Spawning has been recorded as early as May
30 in this area (ADF&G files), being greatly dependent upon ice breakup
conditions. Zagoskih (1956, not seen by author; cited by Rumyanstev and
Darda 1970) reported, during his travels on the southern coast of

Norton Sound, that herring arrived annually in the Sound at the end of
April, passing under the ice. Rumyanstev and Darda (1970) therefore
made the assumption that spawning did not begin before the second half
of May (taking into account the difference between the Gregorian and
Julian calenders). Alaska Department of Fish and Game files indicate
that peak spawning in Norton Sound usually occurs from June 1-14.

Two pulses of spawning were documented at Cape Denbigh in 1976. Spawn
was observed on June 20 and on June 30 on the south side of the Cape.

The peak aerial survey count in 1977 of this area occurred on June 17,
which coincided with peak commerical herring catches at Cape Denbigh in
that year. A total of 20,896 pounds of herring were captured with beach
seines and gill nets from June 15 through June 20 by commercial fishermen.
The average roe recovery rate of 6.5%. Tests made prior to commercial
operations by the processor revealed a 9.0% roe recovery, but the percentage
decreased once production began. A few herring were taken commercially
with gillnets at Tolstoi Point onJune 24 but roe recovery was poor
(3.5%).
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Tests conducted by a commercial herring buyer revealed a 14.3% roe
recovery from a sample of herring captured in Golovin Bay in late May
1976. The OCS sampling program began in Golovin Bay on July 3, 1976,
and few herring were captured. No information was gleaned on spawn
timing in that year. Spawning was documented in Golovin Bay in 1977 at
Carolyn Island during the last week of June as 0CS crews encountered
herring with a relative maturity index of 6. The largest percentage of
these herring were captured from June 22 through July 6 (79.6%). A
total of 27.3% of herring sampled from July 7-21 were spawners and no
evidence of spawning was documented after that date in 1977 in Golovin

Bay.

The Port Clarence area was sampled only in 1977. Sampling commenced

with ice breakup on June 27, and until July 6, only 4.7% of the herring
sampled were spawners (maturity index 6), while 44% of those collected
were post spawners (maturity indices 7 and 8). Young-of-the-year herring
were also present during this period, although not in significant numbers.
These data indicate that some spawning occurred prior to ice breakup iIn
the Port Clarence area in 1977. From July 7-21 only 3.6% of the samples
collected were spawners while 84.7% were post spawners. Therefore, it
can be concluded that spawning commenced in the Port Clarence area in
1977 prior to late June and continued through mid-July with peak spawning
apparently occurring sometime in the early part of July. Peak aerial
survey counts of fish schools in the Port Clarence/Grantley Harbor area
in both 1976 and 1977 occurred on July 21.

Herring arrived along the northwestern coast of the Seward Peninsula in
about mid-July in 1977. These herring were believed destined for the
lagoon areas which connect and comprise Shishmaref and Cowpack Inlets,
since no fish schools were observed further north than Kividlo in either
1976 or 1977; the last entrance along this coastal section to the lagoon
system. Peak aerial survey counts in 1977 occurred on July 11 in these
areas. Limited samples collected from July 15-17 revealed sexually
immature, Age V herring present. No spawners or post spawners were
captured. Consequently, 1t is assumed that spawning occurred later than
mid-July in this area in 1977. Aerial survey observations along this
section of coastline indicated that the herring were moving into the
lagoon areas from a southerly direction.

Peak herring survey counts along the northern coastline of the Seward
Peninsula and southern Kotzebue Sound (Eschscholtz Bay) occurred on July
20 and August 20, 1977. Possible herring spawn was observed on August
13 at Cape Deceit and again on August 20 at Nine Mile Point. Weather
conditions precluded a positive verification on both surveys.

In general, it can be said that most herring spawning populations appear
near the western Alaska coast immediately after ice breakup in mid-May
and early June (Figure 64). Spawning progresses in a northerly direction
along the coastline beginning in mid to late May in Bristol Bay (Barton
et al. 1977) and continues until late July and August along portions of
the Seward Peninsula and the Chukchi Sea. Both pre and post spawning
segments of herring populations remain in the nearshore waters throughout
the early spring and summer months.
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Relatively small fall runs of herring are known to occur in Golavin Bay,
Port Clarence, along the west coast of the Seward Peninsula and in
Kotzebue Sound. Samples collected from Golovin Bay and Port Clarence in
1977 revealed that the reproduction organs were relatively undeveloped
and that these herring do not spawn in the fall (September and October).
A similar finding was made from samples collected in Golovin Bay in mid-
October, 1963 (ADF&G files). Herring of this run are of prime quality
with firm flesh and a high oil content. It was these fall herring runs
which supported earlier commercial herring operations in Norton Sound
from 1916-1941. Fall herring were apparently also present in former
years in other areas of Norton Sound according to local residents.

Herring are widely distributed throughout the coastal and offshore
waters of Norton Sound and Kotzebue Sound in the fall and early winter
months. This is not only evident from local resident interviews, but
also from demersal trawl catches of herring in September and October
(Wolotira et a?. 1977). Both mature prespawning and sexually immature
herring were captured in offshore waters during this period. These
herring may or may not have been segments of the fall herring runs which
occur iIn the nearshore waters along the Seward Peninsula in September
and October.

Herring are captured in several areas under the ice throughout the
winter months. Most of these fish are taken by local subsistence
fishermen while jigging for cod. These areas include Golovin Bay and
Safety Sound in Norton Sound, Imuruk Basin in Port Clarence, Shishmaref
and Cowpack Inlets along the northwest coast of the Seward Peninsula and
Kugruk and Kiwalik Lagoons in southern Kotzebue Sound. Herring were
captured in mid-October in Cowpack Inlet in 1977 and in Shishmaref Inlet
in March 1978. These samples were positively identified by ADF&G
biologists. Herring were found in the stomachs of sheefish captured in
Hotham Inlet on November 23, 1963 (ADF&G files).

Other evidence of the presence of herring iIn nearshore waters throughout
the winter months include the occurrence of this species iIn seal stomachs.
Herring occurred in one of 27 ringed seals (Phoca hispida) collected at
Nome from March 9-18, 1977. Herring occurred in 11 of 14 spotted seals
(P. largha) col lected at Shishmaref from October 14-24, 1977 and in 13

of 30 ringed seals collected January 6 through February 2, 1978. Marine
mammal biologists who analyzed the stomachs indicated that there was no
doubt these herring were ingested In the area where the seals were taken
(Frost, Personal Communication).

Herring have also been reported present in Shishmaref Inlet as early as
April and May. Local residents indicate that dead herring can be found

in the spring on top of the ice in this area; dead from what they refer

to as_“died from frosted gills”. These herring apparently swim through

open ice leads, get caught in the overflow and freeze. Sjimilar observations
have also been reported in Golovin Bay.

Relative Abundance

There are only a few sections of coastline where herring surveys have
been flown with any consistency prior to OCS studies. These are the

123



southeastern coastline of Norton Sound and the Togiak district of Bristol
Bay. Trends in the relative abundance of herring populations have
differed between these areas. Estimates of herring abundance from
aerial surveys in the Togiak area in 1977 revealed some of the largest
and most numerous schools ever observed in that area since surveys began
in the 1960°s (Nelson, Personal Communication). The opposite has been
observed in Norton Sound where survey results have indicated a decline
in herring abundance. A total of 236 and 137 schools were observed
along beaches between St. Michaels and Unalakleet during 1968 and 1972,
respectively. During 1975 and 1976 aerial surveys were intensified,
particularly in 1976 when OCS funding was made available. Not more than
10 schools were observed in either year in the same area. In 1977 only
a single school was observed. A similar trend was indicated from surveys
made in the Cape Denbigh area until 1977. Nearly twice as many herring
schools were observed at Cape Denbigh in 1977 as was observed in 1972,
1975 or 1976. Similar comparative data is not available for other
spawning areas along the west coast.

Most coastal residents interviewed in the last two years indicated that
herring abundance has declined. The only exceptions were residents
interviewed in Shishmaref. This possibility is also expressed in the
downward trend of foreign herring trawl catches in the Bering Sea between
1968 and 1976.

The relative abundance of herring populations along the west coast of
Alaska has been better identified during the course of these studies.
Results from this investigation and from studies conducted by Barton
et al. (1977) in the southern Bering Sea indicate herring abundance,
based upon surface area estimates of school size, is greatest south of
the Yukon River with the Togiak district in Bristol Bay having, by far,
the largest concentrations (Figure 65). The relative abundance of
spawning herring north of the Yukon River is greatest in the southern
and eastern portions of Norton Sound. Many schools of fish believed to
be herring were observed along the north coast of the Seward Peninsula
in 1977, but exact identity of all of these schools was not possible.

Spawning Habitat Types

Little can be said about actual herring spawning habitats throughout the
study area from the standpoint of extent and density of spawn deposition.
Only a limited amount of spawn was actually recovered by ground crews
while sampling in 1976 and 1977. However, certain generalizations in
reference to spawning habitats can be made. Whereas herring spawning is
common throughout the intertidal zones in areas along the west coast of
Alaska below the Yukon River, particularly in the Togiak area of Bristol
Bay (Barton et al. 1977), the greatest percentage of spawning throughout
the Norton Sound and Kotzebue Sound areas is subtidal although some
intertidal spawning does occur. This is basically a function of the
relatively small tide changes which occur in these areas. Very little
intertidal beach area is available for spawning in contrast to more
southern areas. In areas north of Golovin Bay (Norton Sound) most
spawning occurs in shallow subtidal bays, lagoons and inlets.
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There are basically two habitat types utilized by spawning herring in
Norton Sound and Kotzebue Sound. ~Spawning in Norton Sound from Cape
Stebbins to Golovin Bay was only observed to occur in areas of exposed
rocky headlands. In such areas rockweed kelp (Fucus sp.) was common on
rocks in intertidal and/or shallow subtidal zones (Photograph 18).
Samples of spawn collected along the southern coastline of Norton Sound
from St. Michaels to Tolstoi Point in June 1976 were found deposited on
Fucus. A small commercial harvest of herring roe on kelp in Norton
Sound in 1977 indicated that Fucus fracactus occurs on the south side of
Cape Denbigh. In Golovin Bay, spawning occurred on the east side of
Carolyn Island in an area of rocky coastline. Fucus is common in that
area but local residents reported that herring spawn was harvested
several years ago on bare rocks at Rocky Point. Bluff and Topkok Head
are both exposed rocky headlands and are two important spawning ar=as
along the northern coast of Norton Sound. Barton et al. (1977) found
herring spawn on bare rock at Nelson Island in 1976 under conditions of
dense spawning. Reid (1971b) also indicates that bare rock and most any
other substrate is utilized under such conditions.

A distinct change in herring habitats was noticed from Bluff northward

to Cape Espenberg in Kotzebue Sound. Where herring spawning was documented
in areas along this section of coastline, habitats consisted of relatively
shallow bays, lagoons or inlets, such as Imuruk Basin in Port Clarence.
Eelgrass (Zosteria sp.) was the most common vegetative type found in

Port Clarence, Grantley Harbor or Imuruk Basin and Fucus was not found

in these areas. McRoy (1968) also documented Zosteria as being common to
the Port Clarence area (Brevig Lagoon).

Dmitriev (1958) states that Pacific herring in the White Sea, which

spawn in inlets and bays, deposit eggs in shallow water (2-5 m, mostly
2-3 m) on underwater vegetation such as eelgrass (Zosteria sp.) and less
often on Fucus algae, Cladophora and Phyllophora. The White Sea lies at
the same latitude as Port Clarence, the northern Seward Peninsula and
Kotzebue Sound (Figure 66). Aerial survey results indicated that herring
along the northwest coast of the Seward Peninsula from Cape Prince of
Wales to Cape Espenberg were entering the shallow lagoons and inlets.

Fishermen from Shishmaref stated that subsistence fishing for herring
used to occur in the Serpentine and Arctic rivers in Shishmaref Inlet,
but now most effort occurs only at the mouths of these rivers. That
herring occur in rivers is not unplausible, since Galkina (1957) reported
that herring in the Sea of Okhotsk, not only enter the estuaries of
rivers but also the river proper. Residents of Shishmaref were not
familiar with the herring spawning act and those interviewed had never
observed eggs on substrate either in the spring or fall in Shishmaref
Inlet. However, early spring ice conditions hinder boat travel to this
area of Shishmaref Inlet and spawn could easily be overlooked by the
time fishing effort begins. Assuming that some spawning does occur in
the lagoon areas, spawning habitat is quite typical of that in Imuruk
Basin; Zosteria is common, the water brackish and depths very shallow.
Herring were only documented to spawn along the north coast of the
Seward Peninsula along exposed rocky headlands in eastern Eschscholtz
Bay. Other areas where herring are reported to spawn in Kotzebue Sound

are in Kugruk and Kiwalik lagoons. Again, these areas are shallow and
protected; vegetative types have not been examined.
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A major difference exists between herring which spawn in the two general
types of spawning habitats in Norton Sound and Kotzebue Sound. Herring
which spawn from Port Clarence northward are euryhaline, being able to
tolerate wide-range fluctuations in salinity; more so than stocks which
spawn further south. Salinities in Grantley Harbor ranged from 2.9-1.9
ppt on July 1, 1977. On July 6, salinities in Port Clarence (near the
mouth of Grantley Harbor) ranged from 22.0-13.3 ppt, while in Imuruk
Basin on July 10, two readings were made; 1.3 and 2.3 ppt. Alt (1971)
also found a similar steep gradient in salinities in July 1970 in the
Port Clarence area: In Imuruk Basin salinities ranged from 3.8-5.4 ppt,
in Grantley Harbor 23.4 ppt; and, in Port Clarence they ranged from
28.5-29.7 ppt. Although no salinity measurements were obtained in
Shishmaref Inlet, low readings would be expected due to the influx of
fresh water from the Serpentine and Arctic rivers. Herring occurring in
these areas are also probably eurythermal as well as euryhaline since
over-wintering occurs in these areas. Dmitriev (1958) stated White Sea
herring were both euryhaline and eurythermal.

Age and Growth

Length-at--age data collected from herring spawning stocks in Golovin Bay

and Port Clarence in 1977, revealed Port Clarence stocks to be significantly
smaller than those in Golovin Bay (Figure 67). Mean standard length for

Age V herring (the predominant spawning age class in 1977) in Port

Clarence and Golovin Bay was 183 mm and 220 mm, respectively; a difference
of 37 mm. This was the average difference in mean length-at-age for Age
Classes | through X between the two areas in 1977.

A comparison of length-at-age data on herring spawning stocks along the
western North America coast from British Columbia to the Seward Peninsula
in Alaska reveales that size increases from south to north into northern
Bristol Bay and the Yukon-Kuskokwim Delta. Stocks north of this area
become significantly smaller in Norton Sound and Port Clarence (Table 45
and 46).

No samples have been obtained from the Kotzebue Sound area apart from
some collected offshore in 1976 (Wolotira et al. 1977). Wolotira found
age groups Il through IV to predominate both north and south of the
Bering Strait, with older-aged fish more numerous in the Chukchi Sea and
younger ages south of the Bering Strait. Overall, fish less than 110 mm
accounted for 3% of his population estimate in numbers, 120-200 mm fish
accounted for 83% and fish larger than 200 mm comprised 14% of the
estimated population. He stated that “Pacific herring. ..displayed
greater lengths-at-age and maximum sizes south of Bering Strait than to
the north . ...”

Growth rate of Age O herring captured in Port Clarence in 1977 was
estimated at about 1.4-1.7 mm per day from late August to late September.
No growth information was available on herring taken in Golovin Bay in
that year. However, growth of older-age herring (IV-V+) appears to be
greater in Golovin Bay than in Port Clarence, while similar growth
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occurred among young herring in both areas (Figure 67). Wespestad
(1978) reported herring stocks in the Bering Sea to grow at about the
same rate as stocks in the Gulf of Alaska and British Columbia until
ages Il11-1V, with faster growth of older fish in the Bering Sea as
opposed to more southern stocks.

Stock Considerations

Svetovidov (1944) classified subspecies of oceanic herring on the basis
of vertebral counts. He states that the subspecies may be assigned to
one of two groups, those with high vertebral counts and those with low.
He found in his investigations that the two groups also differ in cranium
width. The Atlantic and Baltic herrings belong to the narrow-headed,
high vertebral count group; the White Sea, Chosha and Pacific herrings

to the wide-headed, low vertebral count group. He points out that forms
with low vertebral counts are the most euryhaline.

Rounsefell (1930) examined herring samples from San Diego to Golovin for
vertebral counts and several other meristic comparisons. In his summary
on vertebral counts he stated that following the general trend of the
coastline northward and westward from San Diego, mean vertebral counts
increased with distance, being practically linear and widely departed
from only by herring of the Shumagin Islands and Golovin Bay. Vertebral
counts increased from south to north from San Diego to the Shumagin
Islands, then decreased from there northward to Golovin Bay (Table 47).
A similar trend has been shown to exist based upon mean length-at-age
data presented earlier. Rounsefell concluded from the analysis of all
characters examined that several distinct herring stocks existed along
the west coast of North America with Golovin Bay herring listed as one.

The mean vertebral count of Golovin Bay herring sampled by Rounsefell
was 52.79. Averinzev (1926, not seen by author, cited from Rounsefell
1930) indicated that the average vertebral count of different “races” of
herring in the White Sea vary from 52.14 to 56.18. Dmitriev (1958)
states there are two forms of herring in the White Sea: A large form,
Clupea harengus pallasi maris-al bi major and g small form as C.h.p.
maris-alhi.mionr  Conssguentlly, 1t can ‘be assumed that Rounsefell ’s
Golovin Bay herring samples were quite similar to the small form of
White Sea herring based upon vertebral counts.

OCS studies indicate that herring populations from Golovin Bay northward
differ significantly from herring populations occurring from southern
Norton Sound and southward into the southern Bering Sea in size and

behavorial characteristics. Differences between these two regions are
summarized as follows:

Seward Peninsula Populations South Norton Sound to southern
Bering Sea populations
Smaller herring with lower Larger herring with probable higher
vertebral counts. vertebral counts.
Lower abundance. Higher abundance.
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Subtidal spawning ( 3m) in

(
shallow bays, inlets & lagoons.

Zosteria sp. primary spawning
substrate.

More euryhaline.

Overwinter in shallow bays;
water i1s warmed by river

Intertidal and shallow subtidal
spawning along exposed rocky
headlands.

Fucus sp. primary spawning
substrate.

Less euryhaline.

Overwinter in deep ocean layers
near the Pribilof Islands.

discharge under ice cover.

Fall (non-spawning) runs No fall runs documented

documented.

Larval development in brackish Larval development probable in
water. more saline water.

Data collected from herring populations along the Seward Peninsula

during OCS studies strongly indicate that independent stocks of herring
occur in this region. This does not preclude the possibility of the
occurrence of more southern stocks from utilizing this region, i.e.,
those stocks described by Dudnik and Usol'tsev (1964), Saboneev (1965)
and others, which winter near the Pribilef Islands and migrate to the
western Alaska coast to spawn. It is unlikely however, that herring
stocks along the Seward Peninsula migrate to the central Bering Sea for
wintering, but rather remain in coastal lagoons, bays or inlets. These
stocks closely parallel some of the White Sea small herring which exhibit
a similar behavior. They remain in shallow bays and inlets which are
warmed by river discharge under the ice. This in itself is probably a
major factor in explaining size differences, i1.e., environmental conditions.
Water temperatures and feeding conditions in deep ocean waters are
probably more favorable for growth than those prevailing in herring
winter habitats along the Seward Peninsula, which apparently (like the
White Sea herrings) have become adapted to Arctic conditions.

Salmonidae (Salmon and Trout)

Six species of salmonids were captured during the course of these studies:
Arctic char, chum salmon, pink salmon, coho salmon, king salmon and
sockeye salmon. All five species of Pacific salmon are indigenous to

the Norton Sound area with chum salmon being the most abundant. Pink
salmon are second in abundance followed in order by coho, king and

sockeye salmon.

Commercial salmon fishing provides local residents with a major source

of employment and first began in eastern Norton Sound in 1961. Although
early effort was primarily stimulated by interest in king and coho

salmon, chum salmon are now the most important commercial species followed
by pink salmon. General run timing of adult salmon in Norton Sound and
the Port Clarence area is as follows (ADF&G 1976):
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Species Present in bays and estuaries Spawning .

King June 15 to July 10-15 July 10 to August 5
Sockeye June 25 to July 25 July 15 to September 10
Coho August 1 to August 20 August 20 to Sept 30
Pink June 25 or July 1 to July 15-20 July 15 to August 5
Chum June 20-25 to July 20-25 July 10 to August 15

Commercial salmon fishing since its inception in Norton Sound has
extended annually from June 1 to September 30. Commercial fishing in
the Port Clarence area only occurred in 1966 and 1,266 adult salmon were
taken in the Grantley Harbor - Tuksuk Channel area. Since that time
salmon have been harvested exclusively in this area for subsistence
purposes. A unique feature of the Port Clarence area is the Pilgrim
River sockeye salmon run, one of the northernmost occurrences of this
species in North America.

In 1976, no sampling was conducted during about a two to three week
period of open-water immediately following ice breakup (Barton 1977).

In 1977, sampling commenced with the onset of ice breakup to examine the
early open-water period for occurrence of juvenile salmon. The only
significant catches made that year were in Golovin Bay. Data obtained
on juvenile salmon in the southern and eastern portion of Norton Sound
in 1977 are inconclusive in that no significant catches were made.
However, this is partially explained by sampling coverage in that area.
The Unalakleet crew was responsible for sampling 205 km of exposed
coastline as opposed to the more protected and smaller waters of Golovin
Bay. Consequently, much more time was required for the Unalakleet crew
to “adequately” sample their area due to inclement weather problems and
distances involved.

All information collected during the course of these studies on juvenile
pink and chum salmon indicate they are present in nearshore coastal
waters of Norton Sound with the onset of ice breakup and remain present
until about the second week of July. It should be realized however,
that juvenile salmon were primarily captured with beach seines, being
too small for gillnets early in the season. Our findings suggest that
juveniles vacate the immediate onshore littoral area by mid-July. Since
no juveniles were captured in any gear type from mid-July until freezeup
in nearshore waters, it is probable that they migrated offshore to more
pelagial regions. This is interesting as McPhail and Lindsey (1970) and
Hart (1973) indicate that both species generally remain nearshore until
about September when they depart for deeper water. The mean surface
water temperature in Golovin Bay during the last two weeks of June in
1977 was 12.0°C and 12.8°C in the first two weeks of July.

Information obtained on growth of both juvenile pink and chum salmon in
Norton Sound indicates very similar growth rates (Table 23). This is
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not surprising since the diets and feeding habits of these species is
basically the same (McPhail and Lindsey 1970; Hart 1973; and others).
Growth rates of pink and chum salmon juveniles from Golovin Bay during
the period from ice breakup until mid-July 1977, exhibited a 2.5%
increase in growth per day. Offshore marine growth was examined using
both 1977 length data and 1976 length information collected by Wolotira
et al. (1977). Only four juvenile pink and two juvenile chum salmon
were captured in offshore waters in the first week of September 1976.
Examination of length differences shows a 3.3% and 3.4% increase in
growth per day for pink and chum salmon juveniles, respectively, from
mid-July until early September. Overall from breakup until September
the growth rate was 4.6% and 4.7%, respectively for juvenile pink and
chum salmon. In comparison, daily growth rates of Age O herring in Port
Clarence were about 3.5-4.0% from late August to early October.

Arctic char was the sixth salmonid captured in the study area. It was
the most widespread species encountered being present in all areas
sampled in both 1976 and 1977. Bendock (1977) found this species

widely distributed throughout the coastal waters of the Beaufort Sea
from Harrison Bay to Haxman Island, while Kendel et al. (1975) found the
distribution of Arctic char to be mainly concentrated from Hershal

Island to Point Kay off the MacKenzie River Delta. Char at sea are
known to cover great distances (Griffiths et al. 1975, not seen by
author, cited in Kendel et al. 1975). Consequently, populations of char
throughout the coastal waters of Norton Sound are 1ikely a mixture of
stocks from various rivers, the degree to which is not known.

Beach seines captured char ranging in size from 99-640 mm with a mean of
297 mm and standard deviation of 168.9. A distinct mode was observed
between 160 and 169 mm. Gillnet samples ranged from 139-598 mmwith a
mean of 404 mm and standard deviation of 85.2 mm. Two distinct modes
represented in these samples occurred between 390-399 mm and 450-459 mm.
It is apparent that gillnets selected toward the older and larger char
(Figure 38). No char were captured in beach seines after June 21 in the
Golovin Bay and eastern Norton Sound areas while none were captured with
beach seines in the Port Clarence area after July 21. These findings
suggest that smaller (younger) char were not present about one month
after ice breakup in the immediate littoral zone when considering breakup
in Port Clarence occurred one month later than in the remainder of

Norton Sound. It is also interesting to note that no char were captured
in any area with offshore sinking gillnets suggesting they were primarily
confined to the immediate shoreline surface waters in the coastal areas.

Eleven char were captured with floating gillnets from June 22 through
July 7 in the offshore surface waters of Norton Sound in 1977. Lengths
ranged from 149-485 mm with a mean of 292 mm and standard deviation of
118.3. Eight arctic char captured in the offshore waters in 1976 from
September 2 through October 9 had lengths ranging from 242-259 mm with a
mean of 250 mm and standard deviation of 6.8.

Fork lengths ranged from 154-685 mmwith a mean of 427 mm on 3,739

Arctic char captured by Bendock (1977) in 1975 and 1976. He states a
length mode occurred between 520 and 529 mm, and further, that juveniles
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less than 200 mmwere abundant in nearshore waters between the Colville
and Sagavanirktok rivers during the open water season. Our studies
indicated that juveniles less than 200 mm were not present in the coastal
waters in significant numbers approximately one month after ice breakup.

Arctic char were most abundant in the eastern section of Norton Sound,
particularly between Cape Denbigh and Tolstoi Point (area B and C). In

general, char catches decreased as the season progressed into the Fall
in all areas examined.

Stichaeidae {Pricklebacks)

Two members of the family Stichaeidae were captured during the course of
our investigations; snake prickleback and pighead prickleback (Figure 80).
These species were primarily captured in nearshore waters of southern

and eastern Norton Sound from Cape Stebbins to Cape Denbigh. Their
frequency of occurrence was 5% and 18% in gillnets and beach seines,
respectively. Total abundance was relatively low, comprising only 2.4%

of all species captured in that area. The only other area where prickleback
were captured was between Rocky Point and Bluff (Area F) when six juveniles
(species unknown) were captured in late July 1976.

Wolotira et al. (1977) found five members of this family widely distributed
offshore in Norton Sound and the southern Chukchi Sea in the fall of

1976. The snake prickleback was not found in their catches. They found

that Stichaeidae, together with Zoarcidae (eelpouts) and Agonidae represented
only about 5% of the total fish biomass within their study area.

Seventy-one length samples collected from southern and eastern Norton
Sound in 1977 from beach seines had a range of 208-420 mmwith a mean of
294mm and standard deviation of 50.5. Two pricklebacks caught in
gillnets measured 234 mm and 235 mm. Certain species of Lumpenus are
apparently a prime factor in determining colony size and nesting success
of many sea birds throughout the study area (Drury, personal communication).
Kittiwakes at Bluff produced about one chick per two nests in 1975 and
one chick per 50 nests in 1976. Dryry suggested this difference to have
been due to differences in food supply between July 5-20. He indicated
similar affects seemed to have occurred with murres and puffins and that
sand lance and one species of Lum%enus are the main food for Common
Murres, Horned Puffins and Kittiwakes.

Larval Lumpenus species were captured in the surface waters of several
offshore stations sampled by the Royal Atlantic from June 22 through
July 7, 1977 (Figure 48).

Ammodytidae (Sand Lance)

Sand lance were the most abundant fish captured in either 1976 or 1977

in absolute numbers. Although widely distributed throughout Port Clarence
and Grantley Harbor (Figure 71), they were most abundant in the Golovin
Bay and Bluff areas (Areas A and F), comprising 80.8% of the entire

catch composition of all species in those areas (Figure 68). They were
found infrequently and at low abundance in the southern and eastern
portions of Norton Sound coastal waters being captured at only two
locations: Klikitarik and Egavik.

131



Sand lance were present in significant numbers and most abundant in the
Golovin Bay area from July 7-September 21 (Period 3-7) (Table 28).

Only a few were present during Periods 2 and 8 with none captured in

Period 1 (June 7-21) or Pericd 9 (October 7-21). Examination of 1977
length frequencies revealed the presence of large sand lance in the

spring while smaller ones occupied nearshore waters in summer and fall
(Figure 31). Three distinct modes were present during these seasonal
periods: 80-84 mm in spring (May 29-July 21); 50-54 mm in summer (July 22-
September 6); and, 60-64 mm in fall (September 7-October 21). Mean

lengths were 83 mm, 59 mm and 63 mm, respectively. A mode existed at

65-69 mm from 456 length samples collected from July 7 through September 21,
1976 in this same area. The mean length was 64 mm.

The reproductive cycle of this species in the northeast Bering Sea 1is
virtually unknown. However, larval sand lance were captured in the
surface waters of several offshore stations during the Royal Atlantic
cruise from June 22 through July 7, 1977 which suggests that spawning
occurs in late May-early June (Figure 48).

Osmeridae (Smelts)

Osmeridae were represented by three species: Boreal smelt, pond smelt
and capelin. This family ranked third by frequency of occurrence in
beach seine catches and fifth in gilinet catches throughout the coastal
waters of our study region. Boreal smelt were the most abundant and
widely distributed Osmeridae throughout the surface waters of the study
area iIn both 1976 and 1977. They were the most frequently encountered
species in beach seines for all areas combined (44.2%), while ranking
first (75%) in southern and eastern Norton Sound and fourth in both
Golovin Bay (31%) and the Port Clarence area (32%) (Tables 48 and 49).

Pond smelt were the most frequently encountered species in Port Clarence
(57%) and ranked sixth in overal 1 frequency of occurrence (24.1%) for
all areas combined. They made up the greatest percent composition

(68. 1%) of all species captured in the Port Clarence area (Figure 68).
Although both boreal smelt and pond smelt were widely distributed throughout
the Port Clarence and Golovin Bay areas, pond smelt were primarily
restricted to the vicinity of the Unalakleet River in the coastal waters
of eastern Norton Sound. In this area boreal smelt were the most
abundant while pond smelt were the most abundant in the Port Clarence
area. The percent composition of species in the Port Clarence area was
68.1% for pond smelt and 2.5% for boreal smelt, while in the southern
and eastern sections of Norton Sound boreal smelt consisted of 36.8% and
pond smelt 1.1% of the species composition. In Golovin Bay the percent
composition was about the same for both species being 2.2% for boreal
smelt and 2.0% for pond smelt (Figure 68).

Results of offshore sampling in Norton Sound in the southern Chukghi Sea
in 1976 by Wolotira et al. revealed boreal smelt to be widely distributed
throughout the entire region in September and October. This species
ranked fourth in frequency of occurrence of all species captured in
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demersal trawls and ranked fifth in abundance. The percent occurrence
of boreal smelt in demersal trawls was 57% and 71% in the Chukéhi Sea
and Norton Sound areas, respectively. They also found that boreal smelt
were the most abundant and frequently occurring species captured with
variable mesh gillnets in offshore surface waters of Norton Sound and
the southern Chukchi Sea for the same time period. Only a single pond
smelt was captured in floating gillnets and none in demersal trawls.
Alverson and Wilimosky (1966) reported the presence of juvenile osmerids
in midwater sets below the thermocline in offshore waters of northern
Kotzebue Sound in August 1959. Only two osmerids were identified during
his studies: boreal smelt and capelin.

Beach seines and gillnets sampled different size frequencies of several
species in nearshore waters in 1977. Small smelt were sampled with
beach seines while gillnets were more selective toward larger smelts
(Figures 32 and 33). The mean length for boreal smelt and pond smelt
captured in beach seines throughout the entire study period was 49 mm
and 55 mm, respectively. Mean lengths of boreal smelt and pond smelt
captured in gillnets were 185 mm and 118 mm, respectively. Wolotira et
al. (1977) found that fish less than 200 mm comprised nearly the entire
population of boreal smelt captured in demersal trawls in 1976 although
appreciable numbers of boreal smelt larger than 200 mm occurred in outer
Norton Sound south of Port Clarence. He reported that in general,
average size of boreal smelt was less in shallow water nearshore as
opposed to deep offshore regions.

Larval boreal smelt were frequently encountered during our studies
throughout the entire study area in the nearshore waters of Norton Sound
(Figure 81). They were captured as late as Period 2 (August 22-September 6)
in Golovin Bay and Period 7 (September 7-22) in Grantley Harbor. Larval
pond smelt were captured in Imuruk Basin as late as October 6. Larval
osmerids were also found present from June 9 through July 7 in the

offshore surface waters of Norton Sound in 1977. Neimark (Personal
Communication) found larval smelt (Osmerus eperlanus) to be the most
important teleostid in diets of several species examined in Norton Sound

in 1976.

A1l information collected indicates that boreal smelt have a wider
distribution throughout the marine waters of Norton Sound as opposed to
pond smelt, which showed a greater affinity for nearshore brackish
waters. Boreal smelt were captured in pelagic and nearshore waters from
breakup through freezeup at various stages of development. This is
contrary to Warner and Shafford (1977) who hypothesized that boreal
smelt do not migrate to sea in great numbers, subjecting themselves to
“riggers of the open marine tropic system”. They identified boreal
smelt as being principally a species of estuarine habitats.

A fall run of adult boreal smelt was observed in October 1977 in the
Imuruk Basin area. Large numbers of adult boreal smelt were captured
for subsistence purposes in the Tuksuk Channel in that month.

Only four capelin were collected throughout the entire study period, two
of which were taken in a beach seine haul made in July 1976 near Tolstoi
Point in southeastern Norton Sound. Two other specimens were taken in
1977: one at Jones Spit and one near the Tuksuk Channel in Grantley
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Harbor. Residents of Teller were shown these samples and no one interviewed
had ever seen this species before. Similar results were obtained in
Shishmaref when samples of capelin were shown to residents there.

A single male capelin carcass (spawner) was found immediately in front
of Nome by the breakwater on August 3, 1976 indicating some spawning
occurred in that year. An aerial survey of the beaches from Penny River
to Cape Nome onAugust 4 did not reveal the presence of additional
capelin carcasses. That same day a ground reconnaissance of the coast
from the Nome jetties to Penny River also resulted in no observations of
capelin. It was assumed that if any spawning in this area was occurring,
it was away from the immediate shoreline in subtidal waters. Wind
conditions were such that if spawning in any significant numbers had
occurred in the surf areas of the shoreline that more carcasses would
have in all probability been present along the beaches.

Barton et al. (1977) found that primary capelin spawning habitats along
the west coast of Alaska consisted of relatively smooth sand and gravel
beaches. Areas of this type predominantly occur on the Seward Peninsula
from near Bluff to Port Clarence and from Cape Prince of Wales to Cape -
Espenberg. At least two residents of Nome indicated that appearance of
capelin (cigarfish) along the beaches of Nome in the vicinity of Fort
Davis is not an annual occurrence. A spawning run was documented to
have occurred in this area at the end of June in 1974 (Grauvogel ADF3G,
Personal Communication and other residents), although no records were
found in ADF&G files to this affect. However, many ADF&G records were
destroyed during the 1974 Nome flood.

Most information available on capelin distribution in the study area was
obtained by Wolotira et al. (1977). Only trace amounts were encountered,
mostly in offshore and deeper waters and total estimated biomass was 190
metric tons (+ 91 mt @ 95%). More than 52% of this amount was found in
offshore waters between St. Lawrence Island and Port Clarence. An
additional 34% was distributed in the offshore waters of northern Kotzebue
Sound south of Point Hope. Alverson and Wilimosky (1966) also found
capelin present in demersal trawls in northern Kotzebue Sound and as far
north as above Cape Lisburne in offshore waters during August 1959.

Indications are that although capelin are present in our area their
abundance is relatively low especially when compared to areas in the
southern Bering Sea.

Gadidae (Cods)

Two members of the Gadidae family were captured in nearshore waters
during our studies. The only freshwater member of this family, burbot,
was captured only in the Yukon River Delta area. Alt (1971; 1972)
captured a single burbot in Imuruk Basin in July 1970 and three more
specimens in the Agiapuk River delta in 1971. °

Burbot are an important subsistence food item in the Yukon River. Data
presented by Crawford (June 1978, unpublished report) indicate peak
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subsistence catches of burbot occur in February, although they are taken
in the lower reaches of the Yukon River (Russian Mission and downriver)
throughout the winter months. A run of juvenile burbot down the Yukon
River was documented at the mouth of the Anuk River to occur during the
first week of July in 1977. This downstream migration coincided with
downstream migrations of juvenile sheefish and juvenile whitefish.

Saffron cod was the second gadid captured during our studies. It was

the most frequently encountered species in gillnet catches (30.877) and

the second most frequently encountered in beach seines (42.4%). It was
one of the most widely distributed species throughout the entire study
area. Crawford (January 1978, unpublished report) indicates this species
is taken for subsistence purposes by local residents in September and
October at Kotlik, Sheldon’s Point, Alakanuk and Emmonak. This species
was not captured in the Flat Island area in 1976 during our investigations.
Saffron cod is a major subsistence food item to local residents throughout
the study area.

The percent composition of saffron cod captured in the nearshore waters
of Norton Sound was 4.6%, 2.1% and 17.1% in the Port Clarence, Golovin
Bay and southern and eastern Norton Sound areas, respectively (Figure 68).
Table 37 shows the selectivity of gillnets to larger (older) saffron cod
as opposed to beach seines. Saffron cod length samples from beach seine
catches range from 32-358 mm with a mean of 112 mm and standard deviation
of 63, while lengths from gilinet samples range from 92-420 mm with a
mean of 252 mm and standard deviation of 50.7. An examination of catch
per unit effort values in Table 55 reveal seine catches were in general
greatest in all areas during Periods 4-6 (July 22-September 6), while
gillnet catches held fairly consistent from breakup through freezeup.

Wolotira et al. (1977) reported saffron cod as the most abundant fish
species encountered in September and October 1976 during offshore

surveys of Norton Sound and the southern Chukchi Sea. The frequency of
occurrence of saffron cod in demersal trawls was 78% and it represented
45% of the total apparent biomass of all fish species combined during
their studies. They found that, although most saffron cod encountered
north of Bering Strait were small, the highest relative abundance for
young saffron cod was in Norton Sound. Their investigation showed that
saffron cod ranging from 130-250 mm comprised about 25% of their estimated
population in the study area.

No other gadids were found in nearshore waters in 1976 or 1977, although
three additional members of the Gadidae family were captured in the
offshore waters by Wolotira et al. Saffron cod therefore show a stronger
affinity to frequent brackish/freshwater areas (excluding burbot) than
the other gadids present in our study area.

Larval finfish were the most frequently encountered (66%) organism in
the offshore surface waters of Norton Sound in June, 1977. Of these,
gadid larvae were among the most frequently encountered and widely
distributed (Figure 48). These larval gadids were identified to be
saffron cod.
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Pleuronectidae (Flat Fishes)

Pleuronectidae was the second most frequently encountered fish family in
our area in both beach seines (71%) and giTlnets (39%) (Table 50).

Starry flounder was the most widespread and frequently encountered

species followed by Arctic flounder (Figure 75; Tables 48 and 49).

These two species made up a higher percentage of the species catch
composition in southern and eastern Norton Sound (7.8%) than in any

other area (Figure 68). Starry flounder were the only flatfish species
encountered in slightly brackish water such as Imuruk Basin, the Unalakleet
River lagoon and the Yukon River Delta.

Alaska plaice, yellowfin sole and longhead dab were the three other
species represented by this family. OF these, yellowfin sole was
captured only in Golovin Bay and southeastern Norton Sound, while Alaska
plaice were distributed in all areas except the Yukon River Delta.
Longhead dab were only captured in 1976 in eastern Norton Sound from
Cape Denbigh to the Unalakleet River (Figure 78). These three species
were relatively low in abundance in nearshore waters when compared to
starry flounder and Arctic flounder.

Wolotira et al. (1977) found all five of these species common in offshore
demersal trawls in September and October 1976 in Norton Sound and the
southern Chukchi Sea. Starry flounder were also found in offshore
surface waters in 1976 and 1977.

The only flatfish species encountered in nearshore waters of the Beaufort
Sea by Bendock (1977) was Arctic flounder, while Kendel et al. (1975)
found both Arctic flounder and starry flounder present in his studies
along the coast of the Yukon Territory in Canada.

Coregonidae (Whitefishes)

Six species of coregonids were encountered during our studies. This
family of fish was more frequently encountered than any other in both
beach seines (96%) and gillnets (58%). They were represented by two
anadromous and four freshwater forms: Bering cisco and ieast cisco
(anadromous); Innconu, broad, humpback and round whitefish (freshwater).
Ciscos were among the ten most frequently encountered species in all
areas, with Bering cisco being, generally, more frequently encountered
than least cisco.

Bering cisco had a slightly wider distribution throughout the coastal
waters of Norton Sound and were found to be much more common than least
cisco in the Flat Island study area (Figures 73 and 82). Bering cisco
were also captured in offshore surface waters of Norton Sound in the

fall of 1976 and spring of 1977. This data suggests that least cisco in
our study area have a greater affinity for brackish waters of the mainland
coast. Bendock (1977) also documented a similar finding among least

cisco populations along the north Alaska coastline in the Beaufort Sea.

Gillnets were selective to large ciscos while beach seines sampled both

larger and smaller fish (Figures 34 and 35). Bering cisco sampled in
the Port Clarence area were larger than either Golovin Bay or southeastern
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Norton Sound samples. The mean length of Bering cisco in Port Clarence
was 239 mm for beach seines and 285 mm for gillnets. Lengths of Bering
cisco captured in beach seines in Golovin Bay and the southern and
eastern portion of Norton Sound were 142 mm and 122 mm, respectively.
Mean lengths of gillnet catches for these two areas was 212 mm and 218
mm respectively. The largest individuals were captured in the spring in
all areas.

Ciscos comprised 3.5%, 2.0% and 6.5% of the species catch composition in
Port Clarence, Golovin Bay and southeastern Norton Sound, respectively.
Percent composition of ciscos in the Flat Island area was 43%. They
were present in all areas in the nearshore waters throughout the entire
sampling season.

Humpback whitefish displayed a wider distribution in nearshore coastal
waters, followed in order by broad whitefish and round whitefish (Figures
72 and 83). The broad whitefish was common to Port Clarence and Golovin
Bay, but i1ts distribution was more restricted in the southeastern portion
of Norton Sound being primarily confined to coastal waters south of the
Unalakleet River. Round whitefish were only captured in the Port Clarence
area and in nearshore waters of southeastern Norton Sound between Unalakleet
River and Tolstoi Point. Humpback and broad whitefish showed a greater
distribution in brackish and coastal marine waters than round whitefish.
These three species were less frequently encountered than either of the
ciscos in all areas examined. Abundance of these three species was
greatest in slightly brackish to near freshwater areas and their presence
did not appear to be seasonal.

The only other coregonid captured in our studies was Inconnu. This
species was only found in the Yukon River (Figure 84), although resident
populations are also known to occur in the Kobuk River in Norton Bay
(Alt 1977). Also, scattered catches of this species have been made at
various locations along the Norton Sound coast (Geiger, ADF&G, Personal
Communication).

Juvenile Inconnu were captured in June, 1977, 101 kilometers upriver

from Flat Island in the Yukon River. Fork lengths ranged from 35-74 mm

with a mean of 56 mm. A downstream migration of this species was documented
to occur during the first week of July. Timing coincided with downstream
migrations of juvenile whitefish and juvenile burbot. A tota? of 557

fork length measurements of juvenile whitefish (Juvenile humpback and

broad whitefish) ranged from 20-51 mm. The mean length from 89 of these
samples was 34 mm.

Other Fish Species

Eight other families of fish were captured during our iInvestigations:
Esocidae, Catastomidae, Agonidae, Cottidae, Gasterosteridae, Hexagrammidae,
Liparidae and Anarhichadidae. Northern pike and northern sucker were

only found in two areas examined; Imuruk Basin in the Port Clarence area
and in the Yukon River Delta. Only a single specimen of these two

species was captured in Imuruk Basin in 1977 while both species were
widely distributed throughout the Flat Island study area at the south
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mouth of the Yukon River (Figure 85). Northern pike are taken for
subsistence use by villages along the lower part of the Yukon River in
the fall and early winter months. Crawford (June 1978, UW%?blished
report) showed subsistence catches in nine villages throug but the
period Cctober 1977 through March 1978. A peak catch of 152 northern

pike was reported in October, although fishing effort in these villages
peaked in November. The total catch in November was 145 fish.

Three members of the family Agonidae were captured: Tubenose poacher,
Bering poacher and sturgeon poacher. Tubenose poachers were the most
widely distributed throughout Norton Sound coastal waters followed
closely by Bering poacher (Figure 76). Sturgeon poachers were the least
abundant and frequently encountered Agonidae; being found at only a
single station in Golovin Bay and another at the mouth of Wagonbox Creek
in southern Norton Sound. All three of these species were captured by
Wolotira et al. (1977). They found sea poachers widely distributed
throughout both Norton Sound and the southern Chukéhi Sea. Sturgeon
poachers ranked sixth by frequency of occurrence (62%) and 17 by abundance
(0.03 kg/km). Larval sea poachers were present in June in the offshore
surface waters of Norton Sound and Port Clarence in 1977.

Both threespine and ninespine sticklebacks were present in the study area
with ninespine sticklebacks being among the most widely distributed
species (Figure 77). This species was also found in the surface waters
of Norton Sound in June 1977 between Cape Denbigh and Cape Darby.
Ninespine sticklebacks were more widely distributed in marine waters than
threespine sticklebacks and were the fifth most frequently occurring
species (25.5%) sampled within beach seines.

Threespine sticklebacks were only found in the Port Clarence area with

the exception of a single specimen captured in Golovin Bay in August 1976.
Threespine sticklebacks appeared to be primarily confined to marine
estuaries of relatively Tow salinity. Thus, ninespine sticklebacks
appeared to be more tolerant of marine waters. Wolotira et al. (1977)
also documented ninespine sticklebacks in demersal trawl catches in 1976.

Several species of cottids were present in the study area and this
family (Cottidae) ranked eighth and nineth by frequency of occurrence of
all families sampled in gillnets and beach seines, respectively. In
contrast, Wolotira et al. (1977) reported this family ranked third in
estimated biomass susceptible to trawls of all fish s~ - .es captured
during offshore demersal sampling of Norton Sound and the southern
Chukchi Sea in 1976. Overall, this family constituted only 2% of the
estimated biomass of all fish and invertebrae taxa captured in offshore
demersal regions. Larval cottids were common in the offshore surface
waters of Norton Sound in June 1977.

The distribution of whitespotted greenling and rock greenling in nearshore

waters differed (Figure 79). Rock greenling were present in Port Clarence,
Golovin Bay and southeastern Norton Sound between Tolstoi Point and the
Unalakleet River. In contrast, whitespotted greenling were primarily
confined to the Golovin Bay area. This species was found at only one
other area; just north of Tolstoi Point. The family Hexagrammidae

ranked seven by frequency of occurrence of al] families captured in
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gillnets. However, in no area did species of this family constitute

more than 0.4% of the total catch composition. Frequency of occurrence
and relative abundance of rock greenling was greatest in southeastern
Norton Sound. Wolotira et al. (1977) reported only the whi tespotted
greenling was captured during their surveys in September and October 1976.

Bering wolffish were documented only in Port Clarence and Golovin Bay.
Only three adult specimens were obtained in nearshore waters. Three
juvenile wolffish (42 mm, 42 mm and 50 nun) were captured in offshore
surface waters of Norton Sound in June 1977 (Figure 48). This species
was also taken in demersal trawls in the offshore waters of Norton Sound

and the southern Chukchi Sea in September and October 1976 (Wolotira et al.
1977).

A single liparid {(ringtail snailfish) was captured in August 1976 in
eastern Norton Sound. Larval lipards were captured in offshore surface
waters of Norton Sound as far north as Cape Prince of Wales in June
1977.

AREAS OF CONCERN AND NEEDS FOR FURTHER STUDY

It i1s not within the scope of this paper to determine the possible or
probable impacts of oil pollution on fishery resources in our study
area. However, we attempt to point out and identify possible areas of
concern where further studies may be warrented.

Hayes et al. (1977) derived a scale of environmental susceptibility to
oil spill impacts on the basis of two case studies: The Metula spill in
the Strait of Magellan on August 9, 1974 and the Urguiola spill along
the northwestern coast of Spain on May 12, 1976. Their scale relates
primarily to the longevity of oil in each environment and is listed
below in order of increasing susceptibility to oil spills.

1. Straight, rocky headlands:

“Most areas of this type are exposed tO maximum wave energy. Waves
reflect off the rocky scarps with great force, readily dispersing
the oil. In fact, waves reflecting off the scarps at hiah tide
tend to generate a surficial return flow that keeps the o0il off the
rocks.” Herring spawning in much of Norton Sound is associated
with this habitat type and may be typified by such areas as Cape
Denbigh, Bald Head and BIuff.

2. Eroding wave-cut platforms:

“These areas are also swept clean by wave erosion. All of the
areas of this type at the Metula spill site had been cleaned of oil
after one year. The rate of removal of the oil would be a function

of the wave climate. In general, no clean-up procedures are needed
for this type of coast.”

3. Flat, fine-grained sandy beaches:

“Beaches of this type are generally flat and hard-packed. Oil that
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is implaced on such beaches will not penetrate the fine sand.
Instead, it usually forms a thin Jayer on the surface that can be
readily scraped off by a motorized elevated scraper or some other
type of road machinery. Furthermore, these types of beaches change
slowly, so burial of oil by new deposition would take place at a
slow rate.”

Steeper, medium to coarse-grained sandy beaches:

“On these beaches, the depth of penetration would be greater than
for the fine-grained beaches (though still only a few centimeters),
and rates of burial of the oil would be greatly increased. Base

on earlier studies.. . it is possible for oil to be buried as much as
50-100 cm within a period of a few days on beaches of this class.
In this type of situation, removal of the oil becomes a serious
problem, inasmuch as it would be necessary to destroy the beach in
order to remove the oil . . ..Another problem is that burial of the
oil preserves it for release at a later date when the beach erodes
as part of the natural beach cycle, thus assuring long-term pollution
of the environment.”

Impermeable muddy tidal flats (exposed to winds and currents):

“One of the major surprises of the study of the Metula site was the
discovery that oil did not readily stick to the surfaces of mud
flats. Also, penetration into the sediments was essentially non-
existent. Therefore, if an oiled tidal flat is subject to winds
and some currents, the oil will tend to be eventually removed,
although not at the rapid rate encountered on exposed beaches.”
Typical examples of this habitat type include the Yukon River Delta
and the Unalakleet and Shaktoolik rivers in eastern Norton Sound.

Mixed sand and gravel beaches:

“On beaches of this type, the oil may penetrate several centimeters,
and rates of burial are quite high (a few days in Spain). The
longevity of the oil at the Metula site, particularly on the low-
tide terraces and berm top areas, atteststo the high susceptiblilty
of these beaches to long-term oil spill damage. ” A large majority
of the beaches in Norton Sound are of this type.

Gravel beaches:

“Pure gravel beaches have large penetration depths (up to 45 cm iIn
Spain). Furthermore, rapid burial is also possible. A heavily

oiled gravel beach would be impossible to clean up without completely
removing the gravel.” Most of the Seward Peninsula coastline falls
into this class.

Sheltered rocky headlands:

"_ . ..0il tends to stick to rough rocky surfaces. In the absence of
abrasion by wave action, 0il could remain on such areas for years,
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with only chemical and biological processes left to degrade it.”
Few areas in Norton Sound can be found with this type of coastal
morphology; most rocky coasts are exposed.

9. Protected estuarine tidal flats:

“Once oil reaches a backwater, protected, estuarine tidal flat,
chemical and biogenic processes must degrade the oil if it is to be
removed.” Much of the Seward Peninsula coastline from Golovin Bay
to Kotzebue Sound is characterized by embayments and inlets which
fall into this class. They represent an important habitat type for
spawning herring in these areas. It is probable that removal by
chemical and biocgenic processes woul d proceed at a slow rate in
cold environments.

10. Protected estuarine salt marshes:

“In sheltered estuaries, oil from a spill may have long-term deleterious
effects . . ..0il from the Metula on the salt marshes of East Estuary,

on the south shore of the Strait of Magellan. ..showed essentially

no change in 1-1/2 years.” Hayes et al. predicted a life span of

at least 10 years for that oil. The Yukon River Delta is perhaps

the most typical example of this habitat type iIn our area.

The possible general effects of an oil spill on fishery resources have

been summarized by Trasky et al. (1977) and can be considered as either
acute or chronic in nature. They state, “acute oil spills are those

that result from a single infusion of oil into the marine environment

from an accidental spill . . . .Chronic oil pollution is the discharge of
hydrocarbons into the marine environment either continuously or sufficiently
often that the biota does not have time to recover between doses.”

Our studies indicate, that during the open water period from breakup to
freezeup, anadromous species comprise the bulk of fish (by percent
composition) inhabiting coastal waters. Consequently, they would be
among the most vulnerable to disruption from oil pollution. These
species collectively dominate the subsistence fishery in our area with
salmon species comprising nearly all of the commercial fishery income.

Kendel et al. (1975) speculated that anadromous Arctic fish populations
other than salmon encountered during their studies can withstand short

term and to a lesser degree long term fluctuations of the marine environment
due to their life history patterns. His reasons were as follows:

a. Spawning occurs in freshwater, hence mass disruption of this
critical life stage is not likely to occur;

b. Residence at sea of mature populations is limited to two to
three months annually (possibly longer in our area);

C. The distribution of species is widespread;
d. The great variance of age classes insures that survival is not

dependent on any single year class (Craig and McCarty 1975,
not seen by author); and
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e. Differences in habitat preference by various life stages
ensures that entire populations are not affected by disruptions

in a given area.

Although little is known about the life history of anadromous forms in

our area it is probable that great similarities exist between them and
those anadromous populations described by Kendel. Consequently, it is

not likely that acute oil spills as defined by Trasky et al. ~ (1977)

would eliminate an entire population. However, long term chronic pollution
problems could have deleterious effects upon these fishery resources by
disrupting any of the numerous events necessary for feeding, migration,
spawning, etc.

Certain marine forms are also abundant in coastal waters during the ice
free period; some showing both spatial and temporal separation throughout
our study area. Herring for example, are known to spawn only in the
spring immediately following ice breakup along various coastal habitats
ranging from those of low susceptibility (e.g., Cape Denbigh) to those

of high susceptibility (e.g., Imuruk Basin). Although herring provide
the second most important source of commercial fishery income, their
commercial exploitation in our area has not been fully realized as in
other areas of the Bering Sea.

Major contamination of herring spawning habitats during the spring

months could have catastrophic effects upon these populations depending
upon recruitment from previous years. It is more likely that spawning
populations along the Seward Peninsula which utilized shallow lagoons,
bays and inlets would be most effected because these habitats are impacted
to a greater extent by chronic pollution than exnosed rocky headlands
which are primarily utilized by spawning herring populations in the
eastern portion of Norton Sound. An acute oil spill in either habitat
type during the spring spawning period could conceivably eliminate an
entire year-class of herring from the affected area.

In general, several coastal sections throughout our study region would
be Avgrh risk areas based upon the criteria described by Hayes et al .
(1977?. Perhaps one of the most vulnerable would be the Yukon River
Delta, a habitat type having the highest susceptibility rating. The
Yukon River Delta is perhaps the most important ecosystem in the Norton
Sound-Kotzebue Sound areas in terms of biomass of fish produced. The
delta complex encompasses approximately 3,900 square kilometers and is
subject to potential impact from oil exploration and development.
Contamination of this area could have catastrophic effects upon fishery
resources common to the region. Among these resources are the commercially
important salmon species as well as ciscos, sheefish and other whitefish,
all of which are major subsistence fishery items to local residents. It
is also likely that heavy pollution of this area could be spread to
other areas of Norton Sound by Bering Sea currents.

At least two seasons of work in the delta area are needed. Studies
should be designed to determine the seasonal distribution and movement
by species into and within the study area, growth and relative maturity
of major species and trophic relationships.
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A second area which is nearly certain to be impacted from petroleum

related activities and one which exists as having variable susceptibility
ratings is the Port Clarence/Grantley Harbor complex. Port Clarence is

the only deep water harbor north of Dutch Harbor. Consequently, it

could be an important staging or refueling stop for large vessels associated
with oil activities, particularly if leasing of the Norton Sound area
occurs. Potential impact also exists from activities even further north

in the Arctic Ocean. Only a single season of work has been conducted in
this area during our investigations. Our studies merely documented

various species which occur and also that nearly 100% of all fish harvested
locally are utilized for subsistence needs. Such species include salmon,
Arctic char, ciscos and other whitefish species, flounder, saffron cod,
smelts and herring. Of the three major areas in the Port Clarence

region, Imuruk Basin possesses the highest susceptibility to spills

based upon Hayes’ criteria. It was in this area that the largest number
of juvenile herring (Ages O, I and Il) were found. Imuruk Basin is
probably an important overwintering and/or rearing area for other species
as well.

That a major oil spill in Port Clarence or Grantley Harbor could impact
Imuruk Basin was observed during our studies in 1977. A sinking gillnet

was deployed on September 30 at the mouth of the Tuksuk channel in

Grantley Harbor. Within one to two hours the net was recovered approximately
three to four kilometers up the Tuksuk Channel near Imuruk Basin. It

had been carried by deep currents flowing up the channel from Grantley

Harbor toward Imuruk Basin; currents which flowed in the opposite direction
of outflowing surface water.

Studies should be conducted in the Port Clarence/Grantley Harbor complex
to determine trophic relationships for major fish species, spawning and
rearing areas, and also to examine age dependent movement of populations
and seasonal growth characteristics.

Virtually nothing is known concerning the range, distribution, relative
abundance, age structures or relative maturity of fishery resources
during the winter months (that. period from freezeup to breakup). This
period encompasses roughly seven months of the year, usually from the
end of October through early June. The lack of knowledge makes it
difficult to even conjecture the degree of vulnerability for that time
period.

Age, sex, size and maturity information as well as abundance and distribution
of major species in winter months should be obtained. It is reasonable
to assume that seasonal variation occurs especially in the case of
anadromous species. Approximately 26% (10 species) of the species in
the coastal waters of Norton Sound during the ice free period (1976-77
OCS studies) are anadromous, 24% freshwater, and 50% marine forms.
Undoubtedly, marked shifts in abundance and distribution occur during
the winter months. Many marine and/or anadromous forms could be greatly
affected by petroleum pollution during the winter months and at critical
times of their life cycle. This is especially applicable for some
herring populations where juveniles apparently overwinter in several
lagoon areas along the Seward Peninsula.
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Winter sampling would be difficult due to weather conditions in the
study area for that period of the year. Consequently, such studies
should be conducted for at least two years, working selected areas each
year. Winter weather conditions would create logistical problems not
encountered during the ice free period, consequently, large coastal
sections (e.g., St. Michaels to Nome) could not be sampled in a single
winter. Important areas to be sampled would include Shismaref Inlet,
Port Clarence, Golovin Bay and south and eastern Norton Sound (St.
Michael to Cape Denbigh). South and eastern Norton Sound could be
sampled in one winter. Shismaref Inlet and the Port Clarence area could
be sampled in a second year, possibly, along with Golovin Bay.

CONCLUSIONS

1.  Subsistence utilization of fishery resources depends to a
great extent upon seasonal availability although about seven
families of fish are used by almost all villagers to some
degree: Clupeidae, Osmeridae, Gadidae, Pleuronectidae,
Salmonidae, Coregonidae and Thymallidae.

2. Herring use as a subsistence item is greater in Norton Sound
than in Kotzebue Sound. However, subsistence use throughout
the study area is markedly low in comparison to the Yukon-
Kuskokwim region. Use is influenced by abundance of herring,
village location, marine and large terrestrial mammal harvests
as well as employment opportunities.

3. Spawning herring populations north of the Yukon River are
relatively small in comparison to those in the southern Bering
Sea (Bristol Bay). The relative abundance of herring throughout
the study area has decreased from historic levels.

4. Timing of herring spawning throughout the study area is associated
with spring breakup (ice recession) of the Bering Sea. Spawning
generally commences in southern Norton Sound in early June and
occurs progressively later to the north; as late as August in
parts of Kotzebue Sound.

5. Some herring spawning occurred prior to ice breakup in the
Port Clarence area in 1977 based on the presence of young-of-
the-year herring and post spawning adults immediately at ice
breakup.

6. There are basically two habitat types associated with herring
spawning; exposed rocky headlands in the Norton Sound area and
shallow embayments and lagoons on the Seward Peninsula.

7. Sexual maturity of herring in our area begins mainly in the
third year, also in the fourth and rarely in the fifth year.
Sexual maturity may occur later in herring populations further
north.
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8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Independent stocks of herring occur north of Norton Sound.

These herring differ significantly in size and behavioral
characteristics from those in Norton Sound and southward, into
the southern Bering Sea. Herrings north of Norton Sound have

a smaller mean size-at-age and spawn, overwinter and rear in
shallow lagoons and embayments; as such are considered euryhaline
in salinity tolerance.

Pacific herring are widely distributed throughout coastal and
offshore waters of Norton Sound in the fall and early winter.

Juvenile pink and chum salmon are present in the nearshore
coastal waters of Norton Sound from ice breakup through about
the first week of July. Both species exhibit similar growth
rates during this period.

There appears to be no stock separation by river bank of
smelting chum salmon in the Yukon River.

Arctic char populations throughout coastal marine waters of
Norton Sound are likely a mixture of stocks from various
rivers; the degree of mixing is not known.

The relative abundance of Arctic char in the coastal waters of
Norton Sound is greatest in the spring and early summer months.
Juvenile Arctic char (less than 200 mm) are not present in
coastal marine waters in significant numbers approximately one
month after ice breakup.

The frequency of occurrence and abundance of finfish species
is greatest in nearshore surface waters. However, both vary
spatially and temporally throughout the study area.

Although species diversity of finfish is similar among all
areas in nearshore waters, abundance appears to be lowest in
the southern and eastern portion of Norton Sound as opposed to
either Golovin Bay or the Port Clarence area.

At least 90% of the anadromous species, 75% freshwater species
and 30% marine species occurring in nearshore waters are
utilized for subsistence purpose. Approximately 60% of the
anadromous species, 10% freshwater species and, at present, 5%
of marine species are harvested commercially by domestic
fisheries.

The distribution of larval finfish is widespread throughout
nearshore and offshore surface waters of Norton Sound during
spring and early summer. This is particularly true of larval
boreal smelt in nearshore waters and larval saffron cod in
offshore surface waters.

Further studies are needed in the Norton Sound area to ensure
proper planning and development of petroleum related activities.
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Table 1 . Northern Bering Sea fall herring production, 1916-1941.

Hard
Number of Scotch Cured Sal ted
Year Location Processors Barrels Halt Barrels Barrels Remarks
1916 Golovin 4 558; *Norwegian pack as opposed
Teller 1 to Scotch style.
1917 1/ gotovin 5 1,276)* I/ Introduction of Scotch
Teller 1 300 method of curi no bﬁ,
U.S. sureau of Fisheries.
1918 Golovin n 5,169* ¥
Council 1 167*
1919 Golovin 6 2,555+ ¥ 2/ Includes 500 bbls. of
Scotch style.
1920 Golovin 4 331
1921 Golovin 1 562 3/ Includes 900 bbls. of
St. Michael 1 60 Scotch style.
1922 Golovin 2 500
1923 Golovin 1 352
1924 Golovin 1 750
1925 Golovin 1 200
1926 Golovin 1 620
1927 Golevin 1 430 100
4
1928 Golovin 1 850 Y 370 4/ Includes 435 bbls. of
5/ bloater stock.
1929 Golovin 1 200* X B87*
1930 Golovin 3 1,637 & 1,614 5/ Plus an additional 432
7/ half tierces of bloater stock,
1931 Golovin 2 219 L 180
1932 Golovin 3 3,533 &/ 905 6/ Includes 26 tierces and
g 500 half tierces; pius
1933 Golovin 2 g ¥ 75 an additional 62 tierces
of roused herring.
1934 Go'lovin 1 42 100
1935 Golovin 1 57 9% 7/ Plus an additional 238
half tiercse of bloated stock.
1936 i i
% commercial operations reported
1937 8/ Plus an additional 31 tons
of bleater stock.
1938 Golovin 1 35 62
1939 Golovin 1 27 30 g/ Plus an additional 25 tons
of bl eater stock.
1940 Goiovin 1 16 22 85
1941 Golovin | 30
Summary: Iy 3,201,625 1bs. Scotch cured (52.0%) 10/ One ful 1 barrel contains 250 pounds of herri ng.
2,319,375 1bs.  Norwegian cured (37. 7%) Three size grades were packed: large herring (No. 1)
488,750 Tbs. Bloater stock (7.9%) measuring 30-33 cm tota 1 length were packed 450 {0 a
100,750 Ibs. Hard salted (1 .6%) barrel; No. 2 herring went 550 to a barrel; No. 3
49,600 1bs. Roused herrt ng (0.8%) gerlrlng wlegSt0 )650—070 t10 a barrell (giogéjtoff agd (Pactf
arl son, . One tierce equals pounds (Pactfic
6,160,100 Tbs. Al 1 products (191 6-1941) Fisherman, 1931 ). A total of 98.6% of the total

production from 1916-1941 was processed in Golovin.
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Table 2. Commercial harvest of spring herring for roe extraction in Norton Sound, 1964-1977.

Year 1/ P[gggggégn Pounds Herrlﬁgtrlc Tons %%%uﬁgg) 5528325y Remarks

1964 Unalakleet 40, 000 18.1 2,520 6.3 Roe product poor due to poor handling

1965 NO DOMESTIC COMMERCIAL OPERATIONS nethods-

1966 Golovin 23,700 10.8

1967-68 NO DOMESTIC COMMERCIAL OPERATIONS First foreign effort on herring
occurred in Norton Sound in 1968.

1969 Unalaklieet 24,000 21.8 < 350 >8.7 Heavy foreign effort. Two Japanese
vessels apprehended near St. Michael.

1970 Unalakleet 16,000 7.3 1,345 8.4

1971 Unalakleet 39,000 17.7 3,180 8.2

1972 Unalakleet 33,706 ¥  15.3 8,734 25.9 ¥

1973 Unalakleet 71,264 ,  32.3 2,160 3.0

1974 Unalakleet 5,264 2.4 0 0 ?ﬁe loss due to herrin?_spoilage in

e round and poor quality of roe.

1975 NO DOMESTIC COMMERCIAL OPERATIONS

1976 St. Michael 17,000 1.7 ? 7

1977 ¥ unalakleet 20, 896 9.5 1,254 6.5 Herring fishing closed to all foreign
nations by Secretary of Commerce.

Total 270,830 122.8

1/ Approximately six million pounds of fall herring were commercially processed in Norton Sound from 1916-1941.

y T

4/ First commercial harvest o

2/ Aﬁproximately 1,200 pounds of this amount was taken in Nome.
e value of this figure suggests that female herring only may have been reported.
roe on kelp occurred; 743 pounds were taken June 25 at Cape Denbigh.



Table 3 . Herring production of Japan and USSR in the eastern Bering
Sea, 1964-1977 1/

2/

Year = Trawl Fishery Japanese Total

(July - June) USSR 3/  Japan Gillnet Fishery

1964-65 1,362 --
1965-66 3,717 -
1966-67 2,831 -
1967-68 9,800 9,486 818 20,104
1 968-83 75,379 50,857 1,949 128,185
1969-70 92,228 23,901 1,585 117,714
1970-71 60,126 24,236 4,603 88,965
1971-72 67,547 13,143 472 81,162
1972-73 39,999 346 1,878 42,223
1973-74 16,910 219 3,337 20,366
1974-75 15,039 2,663 736 18,438
1975-76 9,518 2,728 ¢  2,66.8 14,914
1976-77 18,104 1,766 Y 19,870

I_/ All harvests expressed in metric tons. Source of Japanese catches
from INPFC documents while USSR catches furnished under provisions
of US-USSR bilateral agreements.

2/ Trawl fishery normally occurs from Nov to Apr while the gillnet
fishery lasted from April to June.

3/ The USSR trawl fishery began in 1861, but harvest data was not
available until 1967.

d/ Preliminary.

5/ Japanese gillnet fishery closed.
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Table 4. Japanese gillnet herring catches in Norton Sound (north of 63° N.
latitude and east of 167° W. longitude) 1968-77.

Gillnet

Year Catch 1/ Remarks

1968 0.119 First foreign effort on herring in
Norton Sound.

1969 1.270 Peak catch with large effort (about
40 ships). Two vessels apprehended.

1970 0.063

1971 0.638

1972 0.014

1973 0.035

1974 0.693

1975 0

1976 Data unavailable at time of writing
this report.

1977 Herring fishery closed to foreign
nations.

Total 2.832 Excludes 1976 catches.

I_/ Catch expressed in thousands of metric tons. All catches were made iIn
the second quarter April through June.
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Table 5 . Census areas from the Yukon River Delta to Point Hope, 1976-77.

e o Cwe o

Area No. Latitude Longitude Miles km (km)
Black River-North Mouth Yukon River 3l 63°08°30” 16473350 120.0 -193.0 96.5
North Mouth Yukon River-Canal Point 32 63°12°30” 162°47."20” 40.9 65.8 32.9
Canal Point-Cape Stebbins "33 63°28'40” 162718'00” 12.3 19.8 9.9
Stuart Island 34 63°33'05” }162°20°30” 41.9 67.5 Perimeter
Cape Stebbins-St.Michael 35 63°30'50” 162°08°00” 18.5 25.0 12.5
St. Michael- Klikitarik 36 63721°05" 161°57°05” 18.3 29.5 14.8
Klikitarik-Unalakleet River 3? 63731'30” 1601’00~ 40.4 65.0 32.5
Unatakleet River-Cape Denbigh 38 64°13'45” 160758'15” 52.8 85.0 42.5
Cape Benbigh-8ald Head 39 64%38°40" 160747°30” 80.8 130.0 65.0
8ald Head-Cape Darby 40 64°41°10" 162°08'10” 70.5 113.5 56.8
Cape barby-South Spit LY 64°36°'10" 163°06°00” 55.9 90.0 45.0
South Spit-Topkok Head 42 64730°20" 163°20'35” 36.0 58.0 29.0
Topkok Head-Point Spencer 43 64730°00" 165°24°20” 94.4 152.0 76,0
Point Spencer-Cape Prince of Hales 44 6571840 166"17'54" 124.3 200.0 100.0
Cape Prince of Wales-Cape Espenberg 45 66°15'50" 166°04'00” 149.1 240.0 120.0
Cape Espenberg-Kiwalik 46 66°07°10” 163°51'00" 127.4 205.0 102.5
Kiwalik-Point Garnet(Choris Pen.) 47 66°11'35” 160759'30” 90.1 145.0 72.5
Point Garnet -Selawik Lake entrance 48 66”56'15" 162°31'20” 119.6 192.5 96.3
Selawik Lake entrance-Sheshalik 49 67°00°40” 161738'50” 111.8 180.0 90.0
Sheshalik-Point Hope 50 67743'25” 164°36°00” 144 .1 240.0 120.0
Total 31-50 1,551.1 2,496.6

1/ Linear shoreline distance on either side of census area mid point,

* Latitude and Longitude of mid point of census area.



Table 6 . Characteristics and indices used to determine the relative maturity of
Pacific herring.

| ndex Key Characteristics

Virgin herring. Gonads verysmall, threadlike, 23 mm broad.
Ovaries WINE red. Testes whitish or grey-brown.

1 Virgin herring with small sexual organs. The height of
ovaries and testes about 3-3 mm. Eggs not visible to naked
eye but can be seen with magnifying glass. Ovaries a bright
red color; testes a reddi sh-grey color.

[ Gonads occupying about hal ¥ of the ventral cavity. Breadth
of sexual organs between 1 and 2 cm. Eggs small but can be
distinguished with the naked eye. Ovaries orange; testes
reddish-grey or greyish.

[V Gonads almost as long as body cavity. £ggs larger varying
in size, opaque. Ovaries orange or pale yellow; testes
whitish.

Vv Gonads fill body cavity. £EQgs 1arge, round; some transpar-

ent. Ovaries yellowish, testes milkwhite. Eggs and sperm
do not flow, but sperm can be extruded by pressure.

Vi Ripe gonads; eggs transparent; testes white. £9g9s and sperm
flow freely.

VI Spent herring. Gonads baggy and bloodshot. Ovaries empty
or containing only a few residual eggs. Testes may contain
remains of sperm.

VI Recovering spent. Ovaries and testes firm and larger than
yirmin nerring in Stage IT. I:53 not visibhle o naked ava.
Walis of gonads strlated blood vessels prominent. Gonads

wine red color, This Stage passes into Stage | |
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Table 7 . Relative size and abundance of herring schools from aerial
surveys conducted from Stuart Island to Point Garnet
(Eschscholtz Bay}, from June § through October 28, 1977.

Survey Fish School Size ¥ Spawn Qbsarvalions
1 Rating
Ares Surveyed 1/ gate [ndex 2/ Timall malim  taraw ok . total Yo, du. Area (mZ] Remarss
Stuarc [siand (344 - 34d} 5715 F noos
8422 P none
Cape Statbins o Unziakleet &/9 G-€ nane-
[35. 38,37} 6/15 GoF nose
6/17 GeR nons:
5/2%% F-R 1 1
Total T
Uralaklesc to Shakzoalik River  6/9 £4 nane:
(Me. 160) §16 [ nona
§/15% G=F 23 23 3 smail schoais near €qaviks remainder
6/17 § nane- batwee® Shaktoaiik & Shautoolik River.
§/22 » aona
8/25 £ | Adfacant to 3anagon Slcugh.
bird] F fone
Tota 1 33 23 T
Shaktoal ¢k River to [slang /9 &G nane
Poine (Cape Dandiyn} 5/14 [+ 20 2 32 2 small schools south of Caoe Jeadign:
(3¢, 193, 19b) repaindar batwean Cag2 Qendign 3 Pt.
Daxtar.
6/15 G-T 23 3 3 29 Ssmalland 1 aed schoslnear Pt.
Daxter, remaindar batween C. Denbign &
Shakteoiik R.
5/17* 4 41 12 4 57 2 larqe § | med scnood just south of
Cape Oenbign: rema inder Datwewn (ape
Danbigh and P&, Jaxter.
5/22 P 1 z 3 Schoois ail on N.side af Cace Oanbign.
6/2s F 3 3 Schogls all m m. sida of Cape Senoigm.
1121 [ none
Total 25 23 7 18
fuiukruife River to Kwik R. 5/14 3 nona
(Baid Heaa) §/15¢ F H 1 6 Schoals at 8ald Head.
(394, %03} 6/17 £ 2 2 Schoals at 2ald Head.
5/25* F 4 3 7 Scnools between Gald Mead 3 Swiukrultk R
7/21 [} none
Taeal 4] 1 15
Xwik River w Cape Qardy 6/9 g nume
(40b, 40c. 204) 6/14 [ none
6/15 7 fone
6/17 £ none
§/22 v none .
6/25* F 3 5 8 4 med scroals at £1im: remainder off-
shore at Moses Pt.
Cam Darby to Rocky Point 6/14* § 3 3 schools at Carolyn isiand.
{Galavin Bay) 6/17 F asne
(41a. 41, 423] 822 u none
6/25° F 4 1 i One med at Rocky Pt: remainger an 2¢st
side of bay batween Cape Jarty and
21 G nong Golovin
Total 7 7
Roeky Point to Cape Nome 6/14* G 5 $ Schaol s near Topkok Wad.
{42b, 42c.432) /11 F 10 2 12 Scheols from Rocky Pt. o Topkox Head.
1710 F agre
72 G none
8729 u Sevaral smallschoois seern (Rocky Pt.
ta Topkok Head | del {eved to ba sande
fanca.
971 none
Totai i5 2 17
Cape Nome to Point Spencer 6/ F nene .
(43b, 43¢, 43d) 6/28* 6 s s Schools at mouth of Cripple Cr. Species
unknown
7/10 F 7 K 6 Schoals between Cape wooley &
Cape Oouglas.
71 E 8 18 1 23 Scnoals from Sinuk R. ta Cage Dougl as,
/e 6 21 15 10 i5 Schools from Crippie Gr. to Pt. 3pencer.
8/4 u none Capelin carcass survey.
46 G none Ft. Oavi 5 ~ Pemay Q
8/23* F 2 2 Schools about 2 miles east of Si ' 2.
10716, 1 none
Totai 30 13 n az

(Table Continued |
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Table 7 continued. Relative abundance of herring schools from aerial
surveys conducted from Stuart Island to Point
Garnet (Eschscholtz Bay) from June 9 through
October 28, 1977, shown by school size.

Survey Fish Schoot Size ¥ Spawn Qbservations
y Rating
Ares Surveyed Gate (ndex &/ TRall medium  large  UC, total WNo. Su. Area (md) Remarks Remarks
Point Spencer tg Wales 6/21 U none Shore fce - too eariy.
(Port Clarence/Grantley §/28 P none-
Hargor) 7/10 F none
(d4a - 441) 7/11 F 1 1 School nsar Losg River (No survey ot.
Clarence).
T § I's 6 z b Two small § | med inside 7t. Clarence
& Pt. Spencar: 10 snali§ 1 med. from
Srevig L0 Srant] ey Karoor: remai nder
in Grantiey Harbar @ Teller & Tuksuk
Channel. Seifeved to hs herring.
3/6 [ none
E/13 P none Survey of Lost R. arsaoniy.
/20 u none Survey of Lost R. area oniy.Poor water
visibility «turtid.
8/23 F ncne
9/9 ] none
10/16 U none
Tatal 19 0 2
dales to Snismmaref it E '8 18 11 43 Schoals [ Igratfng nrerth: be | ieved har-
(45a amt 45¢} ring.
a/6> 4 9 3 7 Schools belisved 20 be herry ng.
8/13 P none
8/20* u 1 | 2 Turtid watar . spectes unknown.
9/9 F none
1078 u none Turpid water § high winds.
1 0/26 ¢ none Blowingsnow . survey acorted.
| 8/28 u none 3lowing snow - syrvey_3oOr teq
Totat 25 20 1] 57
Shistesaref to Cape Epsendery T € 15 17 16 48 Schools ailalong coastline, Manyin
(d5e and 45h} lagoan entrance to Shisrmaref [niet and
Cowpack [nlet. Fish baiieved 20 be
herring.
718 E 10 a 4 22 Survayed only Shishmaref o Kividlo.
8/6 ii fone-
8s20 U a z a Turbid water - soectes unknowna.
9/9 F none
10/8 u none Turbid water and high wings,
1026 u none Glowing snowesurvey aported.
/e U none 3lowing_snow-survey aported.
Total k)] 27 <0 8
Cige Egsentert 0 Good Hope /11 FoP nane Turtid water ind shailow . %cor
(River (46a) 9/9 u none survayanie area.
Goodhope River 3 Xiwaltk 7/11 G none
{46b, i8c, 46d, iGe) 17200 £ 9 8 2 19 Schools from Rex Pt. co tinemila Pt.
8/13 u 1 1 3 1) Schogl s & possibla spawn Just 2asg of
Cape Decert & Ddaering,
3/20* P 17 1 18 17 Ine med 6 1 smail Just aast of
Clifford ?t. 16 ssail about 2 mles
2asg of finemile ?t. IPossible SPdwn at
Ninemile P%. Fish delieved to de harrym
Total 26 10 3 1 10 <7}
Kiwaiik to Point Garnat 7111 G none Partial survey to 3duck land.
on Choris Peninsula 1/20* F b4 3 One mad 4 | ‘arge schoal 1n Kiwalik;
[47a. 47b, $7c} One small & | med school an aast
stde Of Choris ‘m. 36 3eluga maving
wast an saquth side Of Baldwin Pen.
8/20 p nona Partial survey to Suckli ed.
Total T 2 T 3
TOTAL 1977 COUNT 286 T8 3 30 T

1/ Mumber 1a parenthesis indicate cansus areas.

T/ Survey ratingingax: € -excellent: G - geods F - fairs P . poor, U . unac@gcable.

Y Classification tofisn schools: small - surfice ares estunate less tnan 30 me (500 f2).
nedium - surface areasstimate 50 - 450 m2 (S0Q - S,200ft2).
large - surface 3areaastimace greater than 350m2 (5.0043 ft2 ).
unclassified - surface ared estl mate a0t mage.

*Reiative Abundance Index (RAL): Days on which survey counts were used for determining the relat: ve dabundance of ffsn schools inagiven areaof
thecoastitae. IT sightings 1n 3 3iven irea were withia 10 . 15 days of eacnotner, ihey ~ere considersa t0 2@
thesama fisn schoois. The aates used t0 arrive at the Al for a given area do ot necessarily coincide with
peak spawning.
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Table 8.

List of fish species collected in nearshore coastal waters of Norton

Sound, 1976-77.

o91

te 1 DAE
Clupea harengus pallast

SALMONIDAE

ncorhynchus keta
ncorhynclus gqr!wégh.a
Incorhynchus ki
Incorhynchus tshawytscha
ncorhynchus nerka
Salvellnus alpinus

Stenodus leucichthys
Coregonus fauretta
Coregonus sardinella
Coregonus pidschian
Coregonus nasus
Prosoplum cylindraceus

OSHERIDAE

Osmerus eperianus (mordax dentex}
Tiotus villosus
Hypomesus ol idus

NMMODYTIDAE
Prmpuytes hexapterus
GADIDAE

Eleginus gracllis
Lota Yola Yeptura

MEXAGRAMMIBAE

Hexagranmus !ggoggp%uluq
Rexagramws stellerf

L1PARIDAE

Liparis ruttert

Pacific herring

Chum salmon
Pink salmon
Coho salmon
King salmon
Sockeye salmon
Arctic char

Inconnu {sheefish)
Bering cisco

Least ctsco
Humpback whi lef 1sh
Broad whitefish
Round wh i tef | sh

Boreal (American, toothed) smelt
Capel In
Pond smett

Sand lance

Saffron cod
Burbot

Rock greenling(terpug)
Whitespotted greenling

Ringtall snalifish

Spec fes

Tallasina barbata alx
Ucella dodecaedria
Agonus acipenseri

Platichthys stellatus
Liopsetta glacial
% opsetta biilnea
L

[

Y

euronectes quadrluberculatus
{manda aspera
imanda proboscidea

Pungitius pungitius
Gasterocteus aculeatus

Lumpenus sagitta
AcanthoTumpenus mackay{

Anarhichas orientalls

Esox lucius

Catostomus catostomus

AGONIDAE

PLEURONECTIDAE

GASTERQSTE IDAE

ST ¥CHAE IDAE

ANARWICHADI DAE

ESOC 1DAE

CATOSI0MIDAE

COTHIPAE

Species In this family were grouped.

Common_Name

Tukenose poacher
Bering poacher
Sturgeon poacher

Starry flounder

Arctic flounder

Rock flounder

Alaska plaice
Yellowfin sole (muddab)
Longhead dab

Ninespine stickieback
Threespine stickleback

Snake prick leback
Pighead pricklcback

Bering wolffish

Narthers pike

Northern sucker(longnuse)
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Table 9. Fish species compos tion for selected areas in the coastal waters of ilorton Sound, 1976 77

- T ARTA TAPTRED

CLASSIFE - CURTTITYTT BT TE OF TTGCHCT F AR uRET T
CODE CAT ION 1/ COMMON  NAME SCIENFIFIC MAME %7697 IEITEI OPN OFITT 0T % 77
rs A P Ink Salmon Oncorhynchus gorbuscha XX | x o] X X L XXX [ x x|«
cs A Chimn Salmon Oncorhynchus keia XX x | x x| x x x|l x x o x]x r|x x
55 A Coho Salmon Oncorhynchus kisuteh XX |1 o] ox x X XX
KS A King Salmon Oncorhynchils Tshawytscha I I x LI IR
[ A Sockeye S linan Oncorhynchus nerka XX
OH [ ftumpback wh | tef i sh Coregonus pidschian x x | XX | XX | x x x| x x |« X X
BH F Broad whitef ish Coreqonus nasus X x Il x x| x X XXX |« XX
] F Round whi tef ish Prosopiun cylindraceus XX X X X %
BC A Bering cisco Coregonus laurelta XX XX | x x| x x x| oo x| XX
tc A Least cisco Coregonus sardinella x x| XX | XX | x x| (X XXX |« X
sr M Starry flounder Platichthys stellatus x x|l x ox]xox]x x| X x X x x »|x XX
AF M Arct icf Tounder [jopseita E'"‘Eu& XX | x x| x x x x| XX X 1
RF M Flock flounder Llopsetta billucata X
AP ] Alaska plaice Pleuronectes quadrituberculatus x x| & X X e x
YS " Yellowfin sole {muddab) Llmanda aspera XX | XX | XX | X X
Lo M Longhead dab [ {manda probosc idea X x
P M Tubenose poacher allasina barbata aix x x| x x| XX Klx x X
5P H S turgeon poacher Rgonus ac ipenser{nus X x
P M Bering poacher Ocella dodecoedria XX | X x
MY H Capelin Mallotus villosus X x X
el H “Paclfic herring CTupea b aren?us palla XX | XX | » x| XX Klx x x X X
0s A Borea| sme | t Osmerus eperlanus (mo rﬂax dentex) XX | XX | XX | x & x| XXX |« X x
{Anierican, toothed)
00 A Pond sme 1 t IAI‘ypomesus olidus L] = XX | XXX x
St M Sandlance mmodytes hexopterus XX X X x| XX
s3 F Threespine stickieback Gasterocteus aculealus X XX K
9 F Ninespine stickleback  Pungltfus pungitlus XX | X X XX | X TRXX |« X
RG H Rock greenling Nexagrammws Jagocephalus X X x x| XX xox
(terpuyg)
WG H White.spotted greenting  lexagrapmus stellerd x x| X X
AC A Arctic char Salvelinus gh') nus XX |x x| x| XX |« ok x| x X
SC H Saffron cod eginus graciils XX |x x|« x| XX | xoxox X
LR M Ringlail snaflfish Liparls rutieri” [
st F Sheef fsh Stenodus” TeucTchithys (.
Hp F Northern plke Esox lucius x| x
NS F Northern sucker Catostonus catostumus x | x
{Yongnose)
L F Burbot Lota lota leptura tox
PR L] Prickiebacks 2/ Stichaeldae &/ x x|« )k '
(4] Sculpins Cottldae x x | x x| ( x X | x x| x x KX
WF M Bering wolffish Anarhichas oriental Is X
Total number species (less cottidae) RN BA|AEA|TZ) CHBFW| eI T
AREA TOENTIFICATION: A Golovin Day E Fish River moulh I fawruk Basin
0 Cape Denblgh - Egavik F Rocky Point - Bluff Tiflat lsland {south wmouthYukonRiver)
C Egavik - Tolstol Point 6 Grantley Harbor AJF AnukRiver (10) km upstream from Tlat
Island).
0 TolstolPoint - Cape Stebbins 0 Port Clarence ONL Hnalakleet River lagoon

1/ A - anadromous; f - freshwater; M - marine.

2/ Includes two species: Lumpenus sagitta (snake prickleback) and / I\canlhol Ip mackayi (pighead prickichack).

3/ Juvenile Coregonidae were also captured.
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Table 11 .

Species diversification by area of fin-fish captured in the coastal water’s

of Norton Sound from the Yukon River Delta to Port Clarence in 1976 and

1977 (0CS/RU 19).

Golovin Bay South and Eastern Port Clarence All -
Area Norton Sound Area Area FI URL Areas

A F AF B C D BCD G H I GHI Total
Freshwater 4 2 4 3 4 3 4 5 3 7 7 7 4 9 (23.7%)
Anadromous 9 6 9 9 9 7 9 9 8 8 9 8 8 10 (26.3%)
Marine 14 9 16 14 15 11 17 811 3 N 1 5 19 (50.0%)
Total 27 17 29 26 28 21 30 22 22 18 27 16 17 38

. 1/

Cottidae X— X X | X X X X X X X X X

1/ Indicates that this family of fish (Cottidae) was also represented in an area.

Golovin Bay
Cape Denbigh to Egavik

§

mMooOoOW™>
1

Rocky Point to Bluff

Egavik to Tolstoi Point
Tolstoi Point to Cape Stebbins

G
H
1
FI

URL

Grantley Harbor
Port Clarence
Imuruk Basin

Flat Island (South Mouth Yukon River -

Delta Area)

Unalakleet River Lagoon
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Table 12, Total catch, effort and catch per effort of Pacific herring by sample area in
Sound from ice breakup to freezeup, 1977.

Norton

Golovin Bay Port Clarence Grantley Harbor Imuruk Basin Remainder of Norton Sound
(Area A) (Area H) (Area G) (Area 1) (Areas B, C, D, F)

Catch # % # % # % # % # %
Adult herring 244 80 636 94 1,015 95 44 71 89
Juvenile herring 62 20 39 6 5 1;: 56 10 n

Total 306 } 675 } 1,0:: 225 } 81
*EFFORT 1/
Gillnets 252.6 66.2 52.2 18.9 119.5
Beach Seines 68 26 26 11 24
* 2/

CATCH/EFFORT ~
Gillnets 0.9 7.3 19.5 3.5 0.6
Beach seines 0.9 7.4 1.7 14.5 0.3

* Includes both adults and juveniles.
1/ Effort is expressed as number of gillnet hours and number of good beach seine sets.

2/ Catch per effort is expressed as number of herring per gillnet hours and number of
herring per good beach seine set.
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Table 13. Total catch of adult and juvenile herring by gear type captured in the Port Clarence
area from June through October, 1977.

Beach Seine Floating Gillpet Sinking Gillnet Total

Sex # % # % # % # %

Adults 192 11 992 57 566 32 1,750 100
(d+2)

Juveniles 205 95 3 1 7 4 215 100
Total 397 20 995 51 573 29 1,965 100
Adults 192 48 992 99 566 99 1,750 89
(a+92)

Juveniles 205 52 3 1 7 ] 215 11

Total 397 100 995 100 573 100 1,965 100
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and Imuruk Basin from June through October, 1977.

Table 14. Percent composition by area and gear type of herring captured in Port Clarence, Grantley Harbor

Port Clarence Grantley Harbor Imuruk Basin Total
gear_type 7 % ¥ b4 # %
Beach seine 37 18 95 22 123 60 205 100
g Floating gilinet 0 - 1 33 2 66 3 100
IS Sinking gillnet 2 29 4 57 1 14 7 100
E Total 39 18 50 23 126 59 715 100
Q2
e Beach seine 37 95 45 90 123 97 205 95
g Floating gillnet 0 ] 2 2 2 3 1
3 Sinking gilinet 2 “5 4 8 1 7 4
Total 39 100 50 100 12: 100 215 100
Beach seine 156 81 0 - 36 19 192 100
Floating gillnet 338 34 620 63 34 3 992 100
4 Sinking gillnet 142 25 395 70 9 5 566 100
T Total 636 1,015 99 6 1,750 100
‘:|
¢
had Beach seine 156 25 0 - 36 36 192 1
7 Floating gillinet 338 53 620 61 34 34 992 57
= Sinking gillinet 142 22 395 39 29 30 566 32
Total 636 100 1,015 100 99 100 1,750 100
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Table 15. Percent composition by gear type and sex of herring captured in the Port Clarence
area from June through October, 1977.
Beach Seine Floating Gillnet Sinking Gillnet Total

Sex % it # % # %
Male 52 10 248 46 239 44 539 100
Female 62 12 199 39 253 49 514 100
Total 114 11 447 42 492 47 1,053 100
Male 52 46 248 55 239 49 539 51
Female 62 54 199 45 253 51 514 49
Total 114 100 447 100 492 100 1,053 100
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Table 16. Relative maturity by age class of herring captured in the Port Clarence area from
ice breakup (late Jung through July 21, 1977.

Immature Mature 1/ Mature
Age Gonad Gonad Gonads Total
| n 11 n L11-VIT n n

111 32. 1% 9 21. 4% 6 46. 5% 13 28
\ 0 59 1 94.2 16 17
v 1.0 5 4.2 21 94.8 479 505
Vi 0 10.3 3 89.5 26 29
VIl 0 7.1 2 92.9 26 28
VIl 0 0 100.0 14 14
| 0 64 _3 93.6 A ar

14 36 618 668

1/ Possible mature in older age classes since gonad VIII and Il are very smilar.



Table 17. Relative maturity by age class of herring captured in the Port Clarence area from
July 22 through September 6, 1977.

Possible
Immature Mature 1/ Mature

Age Gonad Gonad Gonads Total
I n I n -V n n
M1 % 0% 100.0% 21 21
M 0 0 100.0 3 3
Vv 0 0 100.0 15 15
VI 0 0 100.0 1 1
VII 0 0 100.0 2 2
VIl 0 0 100.0 1 1
IX+ 0 0 100.0 10 10
53 53

1/ Possible mature in older age classes since gonad VIl and Il are very similar.



Table 18. Relative maturity by age class of herring captured in the Port Clarence area from
September 7 through October 21, 1977.

Possible
Immature Mature 1/ Mature

Age Gonad Gonad Gonads Total
i n 11 n I1-VIII n n
0 "1 00% 13 o% o% 13
I 80 4 20 1 0 5
11 0 100 2 0 2
[ 4.0 | 24.0 6 72.0 18 2.
lv 0 0 100.0 10 10
v 0 0 100.0 30 30
VI 0 0 100,0 a 8
VII 0 0 100.0 7 7
VIII 0 0 100.0 4 4
IX+ 0 o 0 - 100.0 9 9
18 9 86 113

1/ Possible mature in older age classes since good gonad VIlland Il are very similar.
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Table 19. Percent composition by gear type and sex of herring captured in Golovin Bay
from June through October, 1977.
Beach Seine Floating Gillnet Sinking Gillnet Total

Sex # % # % # % # %
Male o] - 103 72 40 28 143 100
Female 1 1 67 78 18 21 86 100
Juvenile 62 100 0 0 62 1 00_
Total 63 22 170 58 58 20 291 100
Male o - 103 61 40 69 143 49
Female 1 2 67 39 18 31 86 30
Juvenile 62 98 0 0 62 21
Total 63 100 170 100 58 100 291 100
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Table 20. Percent fullness of herring stomachs examined during the spring of 1976 from selected
areas along the western Alaska coast.

Yukon-Kuskokwim Norton Sound

Stomach Togiak Area Delta Area Area Total

Percent Percent Percent Percent Percent

Ful 1 Number  of Total Number of Total Number  of Total Number of Total
Empty 8 40 30 64 16 20 54 37.0
Trace 7 35 12 26 34 43 53 36.3
25% 2 10 5 10 11 14 18 12.3
50% 0 0 0 0 9 11 9 6.2
75% 1 5 0 0 3 4 4 2.7
1 00% 0 0 0 0 5 6 5 3.4
Distended 2 10 0 0 1 1 3 2.1

Sample Size 20 47 79 146




Table 21. Percent frequency of occurrence and number of food items found in herring stomachs
examined from selected areas along the western Alaska coast in the spring, 1976.

Yukon-Kuskokwim

Togiak Area Delta Area Norton Sound Area
I tern Percent Percent Percent

Frequency Percent Frequency Percent Frequency Percent

Occurrence Food Occurrence Food Occurrence Food
Mysidacea 25 10 8 1.8
(opposum shrimp)
Copepoda 75 30 67 15.1
Cladocera 33 11.1 83 18.9
Cirripedia 67 22.2 50 20 50 11.3
(barnacles)
Cumacea 33 7.5
Decopoda 25 5.7
(shrimp, crayfish,

lobsters)

Mol lusks 17 3.8
Annelida 17 3.8
(segmented worms)
Platyhelminth 100 33.3 25 10 8 17.0
(f 1 atworms )
Miscel laneous Algae 33.3 Detritus 30 Fish Scale 15.1

Egg Case Egg Detritus

100 Egg Case Egg Herring
75 67
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Tabte 22.. Fork lengths of juvenile pink and.chum salmon captured in the nearshore waters of Golevin Bay
from June 9 through July 7, 1977. 1

Pink Salmon mean fork length Chum Salmon fean fork Tength
Golovin Eastside Outer Westside Outer Golovin Eastside Outer Westside Outer

Date Station Lagoon Golovin Bay Golovin Bay Lagoon Golovin Bay Golovin Bay
June 9 7 31.0 34.6
June 11 9 31.9 35.0

10 31.7 36.4
June 12 2 30.6 35.7
June 14 5 32.4 36.2

7 36.0 37+3
June 17 9 33.6 35.9
June 20 6 33.6 40.2
June 22 5 38.0 40.6
June 23 1 37.2 42.0

2 37.6 41.2
June 24 9 39.4 46.5

10 35.3 44.1
June 26 6 41.3 43.8 46.0 47.0
July 4 10 52.4 54.0
Jduly 6 2 B5.2 60.4
July 7 5 54.0 63.2

1/ Sample sizes were 329 for pink salmon and 360 for chum salmon.
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Table 23. Daily growth rates (percent) of juvenile pink and chum salmon captured in Norton
Sound, 1976-77.

28 days 62 days
mean length change ;Lan Tength change mean length
2nd week June in Istweek July in 1st week September
(breakup) length (depart nearshore waters) length (reside in offshore waters)
Pink 32 m 22 mm 54 m 111 mm 165 m
(68.8% increase) (205.6% increase)
Chum 35 mm 24 wm 59 mm 124 mm 183 mm
(68.6% increase) (210.2% increase)
increase in length increase in length
per day per day
Pink 0.79 mm 1.79 wm
Chum 0.86 mm 2.00 mo
Average % increase in Average % increase in
growth per day growth per day
Pink 2.46% 3. 3%
Chum 2.45% 3. 3%

Average % increase in growth per day from
2nd week June to Istweek Sept. (90 days)

Pink 4. 62%
Chum 4.70%




Table 24. Larval finfish captured in the nearshore
waters of Norton Sound from breakup to
freezeup, 1977.
Larval Species
Sample Boreal Pond
Area Smelt Smelt Gadids Cottids
A 2,248 39 1
B 7
C 174
D 6
F 100
G 475
H 619 7
1 1,415 371
Total 4,984 371 39 8
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Table 25 . Catch, effort and species diversification by gear type of finfish sampled in the nearshore waters of
Norton Sound from May 30 through October 21, 1977.
1 Number Number EffortZ 3 2/ Larva 14’ wmber OF Species
Area Gear- of of - Total™  CPUES fish captured 5/
stations sets negative total catch catch
A - Golovin Bay GNS 12 44 13.4 69.9 230 3.3)4 A 13
GNF 12 98 22.1 182.7 879 49.8/7" 17
BS 12 68 0 68 14,928 219.5 5,407 22
8 - cape Denbigh to Egavik GNS 6 12 91 14.1 9 - $7.7 .4
GNF 6 13 0 14.3 209 e : 1
BS 6 5 0 5 1,196 239.2 7 n
¢ - Egavikto Tolstet Point GNS 7 15 9.2 15.3 11 0.7) 9.6 4
GNF 7 15 0 15.0 2B0 18.7/ ° 16
8S 7 8 0 8 207 25.9 114 16
D - Tolstoi Point to Cape GNS 12 19 9.0 20.5 1 2.0 45 4
Stebbins GNF 12 19 2.0 20.7 143 6.9) *- 1
B8S 12 4 0 4 151 37.8 6 7
E - Fish River BS 2 2 0 2 20 10.0 3
F - Rocky Point to Btuff GNS 6 3 0 6.7 26 3.9v4.9 6
GNF 6 7 0 12.9 70 5.4) . 8
0s 6 7 0 7 44,114  6,302.0 100 12
G - Grantley Harbor GNS 9 25 2.0 26.6 480 18.1) 251 10
GNF 9 24 3.9 25.6 830 32.47 18
8s 9 26 I 26 4,431 170.4 475 19
H - Port Clarence GNS 9 28 7.9 32.7 406 1(_4) 145 9
GNF 9 28 2.8 335 545 16.37 °", 19
8s 9 26 I 26 3,411 131.2 626 20
1 - lmuruk Basin GNS 5 7 0 7.8 91 11.7)]2 5 9
GNF 5 8 0 1n.1 145 13.1 : 12
8s 5 n 0 11 4,888 444.4 1,786 17
Unalakleet River Lagoon 6s 1 6 0 6 149 24.8 14
GNS 66 153 50.6 193.6 1,294 6.7) 8.6 17
TOTALS GNF 66 212 30.8 315.8 3,101 9.8/ © 24
8 69 163 2 163 73,495 450.9 5,402 29

1/ Gear types: GNS - gilinet sinking (offshore), GNF - giltnet floating (onshore), BS - beach seine.
2/ Gil Inét effort is expressed in hogur(s with c)atch per %ffort in f?&\ [()Jer( net %OL)JI’.

Beach seine effort is expressed in number of good sets with catch per effort in fish per good set.
3/ This column does not include larval catches; they were considered as incidental and not used in_calculating CPUE.
/ Incidental catches - mesh $1Ze of beachseineswasnotsmall enough to adequately sampleiarval popu lations,
5/ Cottidae is considered as a species in this table.

therefore 1 fsted separately.




able 26. Most abundant species of finfish captured in the coastal waters of

Norton Sound and Port Clarence from ice breakup to freezeup, 1977.

Beach Seinesl/ G]’Hnets—zm
Area Species CPUE Species C
i i i * 67.4 Pacific herring 1.0
iolovin Bay 2;25 fg,!@gn 65.5 saffron cod 0.9
chum salmon* 25.1 starry flounder 0.5
tocky Point sand lance 6,267.7 ggl;gaiagzqt %?
to Biuff pink salmon* 23.6 eal ) 57
pond smelt 3.6 Pacific herring .
starry flounder 3.6
i 3.4
c i sand lance 120.0 Arctic char
:captlez Dqumh saffron cod 75.0 starry flounder %%
0 R boreal smelt 16.6 least cisco :
i 3.0
e Do [ o 3¢
Tolstoi point boreal smelt 4.8 rry fl £
Bering poacher 3.3 Bering cisco .
1.3
Tolstoi Point sand lance 3%2 Sgglirpi/cf:]g?p?ﬁg 5
to Cape Stebbins Egigl‘;}i -I;:Il%lil?.der .- satfron cod 006
Arctic flounder 0.5 least cisco 0.6
97.8 Pacific herring /-6
Port Clarence ggrr]l% Slrg?u::: 9.4 boreal smelt 3.2
saffron cod 8.5 saffron cod 1.3
147.3 Pacific herring 194
Grantley Harbor ggggrgrr]nelcgd .3 racitac het 16
sand lance 3.9 starry flounder 0.9
Imuruk Basin pond smelt 360.2 Zg%icl:grc] rcmggring %g
ninespine sticklebacks 28.9 Bori . 19
least cisco 14.5 ering cisco .
Pacific herring* 1.2
All Areas sand lance 306.9 Pacific herring 31.%
Combined pond smelt 74.0 saffron cod )
omRIne pink salmon* 29.6 starry flounder 0.8

1/ Beach seine CPUE is number of fish captured per seine set.
Z_/ Includes both floating and sinking gillnet catches. The CPUE is fish captured

per net hour.

Indicates juvenile fish.
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Table 27. Most frequently occurring species of finfish (by percent) captured in the
coastal waters of Norton Sound and Port Clarence from ice breakup to freezeup,

1977.
Beach Seines Gilinetsl/
Area Species Percent Specles Percent
Golovin Bay starry flounder 57 saffron cod 40
saffron cod 41 Pacific herring 28
ninespine sticklebacks 41 humpback whi- efi sh 25
Rocky Point pink salmon* 86 saffron cod 50
to Bluff starry flounder 11 boreal smelt 40
chum salmon™ 29 Pacific herr ng 40
Alaska plaice 29 chum salmon 40
sand lance 29
Cape Denbigh Bering cisco 80 least cisco 36
to Egavik boreal smelt 60 Arctic char 32
Arctic flounder 40 Arctic flounder 32
least cisco 40 Bering cisco 32
humpback whitefish 40
starry flounder 40
Egavik to boreal smelt 75 starry flounder 50
Tolstoi Point chum salmon* 50 Arctic char 43
saffron cod 50 least cisco 20
Tolstoi Point boreal smelt 50 starry flounder 39
to Cape Stebbins starry flounder 50 rock greenling 21
Arctic flounder 25 least cisco 21
least cisco 25
sand lance 25
ninespine sticklebacks 25
Port Clarence saffron cod 58 Pacific herring 32
pond smelt 54 saffron cod 30
sand lance 38 starry flounder 27
Grantley Harbor saffron cod 50 starry flounder 43
pond smelt 50 saffron cod 39
Pacific herring* 31 Pacific herring 37
least cisco 31
starry flounder 31
Imuruk Basin pond smelt 82 Pacific herring 67
least cisco 64 saffron cod 67
ninespine sticklebacks 04 Bering cisco 53
All Areas starry flounder 43 saffron cod 33
Combined saffron cod 41 starry flounder 30
pond smelt 37 Pacific herring 27

1/ Includes both floating and sinking gillnet catches.
Indicates juvenile fish.

x
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1976-77. The CPUE for giilnets and beach seines 1S T1Sn per net nuur

diiy | IDH pef dTLy FTIPTLLIVERY »

BEACH SEINES SAMPLING PERIOD
AREA SPECIES I 11 111 IV v VI VII VIl IX
6 77 76 77 76 7 76 76 77 76 77 76 77 76 7
A BC 7.2 0.3 0.6 0.1 1.0 3.8 2.4 1.4 4.8 1.0 5.9 1.0
average 7.2 0.3 0.4 1.0 3.8 1.9 2.9 5.9 1.0
LC 1.3 1.9 0.1 0.6 11.8 23.2 0.4 40.9 0.8 3.4 3.7 1.3
average 13 1.9 0.4 11.8 23.2 20.7 2.1 3.7 1.3
SC 0.3 1.0 17 01 2.8 36.9 24.0 22.1 4.8 13.0 17 2.7
average 0.3 1.0 0.9 2.8 36.9 23.1 8.9 1.7 2.7
SF 5.5 3.9 08 05 1.1 0.5 14 36 12 18 2.6 0.7
average 55 3.9 0.7 1.1 0.5 2.5 1.5 2.6 0.7
PH 0.1 0.0 0.0 0.0 0.0 0.0 00 00 0.0 12.0 0.3 0.0
average 0.1 0.0 0.0 0.0 0.0 0.0 6.0 0.3 0 . 0
8s 1.4 3.3 4.6 0.0 11.3 34.3. 32.1 25.2 3.7 0.2 1.4 7.0
average 1.4 3.3 2.3 11.3 34.3 28.7 1.9 14 7.0
SL 0.0 4.4 327.1 A% 5B9. 0 114.0 328.9 1574 55.0458.2 0.3 0.0
average 0.0 4.4 165.8 589.0 114.0 243.2 256.6 0.3 0.0
pS* 37.3 270.7 11 01 0.0 0.0 00 00 0.0 0.0 0.0 0.0
average 37.3 270.7 0.6 0.0 0.0 0.0 0.0 0.0 0.0
cs* 62.1 54.9 03 15 0.0 0.0 0.0 0.0 00 00 0.0 0.0
average 62.1 54.9 0.9 0.0 0.0 0.0 0.0 0.0 0.0
GILLNETS
A BC 0.2 0.2 0.1 0.1 0.04 02 01 04 0.2 0.5 0.0
average 0.3 0.2 0.2 0.1 0.04 0.2 0.3 0.5 0.0
LC 0.1 0.2 05 01 1.1 0.2 06 05 0.4 0.8 2.5 0.0
average 0.1 0.2 0.3 1.1 0.2 0.6 0.6 2.5 0.0
SC 0.8 0.5 07 04 1.0 0.2 06 04 1.0 14 3.0 1.0
average 0.8 0.5 0.6 1.0 0.2 0.5 1.2 3.0 1.0
SF 0.8 02 07 0.2 1.0 04 02 03 04 0.2 0.1
average 0.7 0.8 0.5 0.2 1.0 0.3 0.4 0.2 0.1
PH 0.6 1.7 0.03 1.2 0.0 0.0 0.0 0.0 01 05 4.7 0.5
average 0.6 1.7 0.6 0.0 0.0 0.0 0.3 4.7 0.5
8S 0.0 00 01 0.0 0.0 0.04 0.1 00 02 0.2 0.4
average 0.0 0.0 0.05 0.0 0.0 0.1 0.1 0.2 0.4

* juvenils only
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Table 33. f‘;lg;f;cu(:g'czt;;ﬁ"’;;éWtures {c°} al various coastal samp! f ng locations In Norton Sound from June 1 through October 16,
Go%ﬁ\)rin ¢. t()g)‘bigh Eggi’k to Tol';[tj;f rt. égzt Gr;giley lTn(urr);T—
Date Bay to Emavik Tolstol Pt. to C. Stebbins Clarence Harbor Basin
6/1-6/15 6.6° (1310} 7.5 ()Y 36 s L (sl
6/15-6/30 12.0" {28/10) 6.8” (10/6)% 12.8° (6/5)
711-1/15 f2.8° (44/10) 10.0°(16/9) 13.4° (14/7) 16.1° (551
716-1731 16.6° (15/6) td.5° (ib/7)
8/1-8/15 11,62 {21)10)
8/16-8/31  13.0° (32/10) 2.0 (/Y W00 (2. 1Y 13,7° (21/9)Y  12.7° (26/9) 12.3° (17412
9/1-9/15 10. & (18/10) .
9/16-9/30 4.8° (22/8) 3.8° (15/5)1Y
10/1-10/16 1.8 (26/10) 3.6 (24/9) 3.1° (10/4)1Y/

1/ Humbers in parenthesis: (numbdk 6f Surbdch witer readings/number of locatlons where readings were taken).

2/ Readings from 6/9-6/15 only.

3/ Readings on §/15 and 6/16 only.
3/ Readings on 8/9 only,

5/ Readings from 6/1-6/10 only.

B/ Readings on 8/10 only.
7/ Readings on 6/]2 only.

B/ Readings from 6/18-6/20 only.
9/ Readings from 8/20-8/23 only.
To/ headings from 9/27 -9729 only.

11/ headings on 7/10 only.
12/ Readings o 8/30 ohly.
13/ Readings on 10/1 only.
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Table 34. Surface salinfty readings {ppt) at selected stations In Norton Sound from June through September, 1976.

_ Stations” -6
Date ' ] 2 3 4 5 5§ 1 8 9 0 T i7 i L i5 io__
23 3.7
24 4.6
13.2
June %g 0.7
28 13.7 13.5 13.3 _ — - —
1 12.9
2 153 17.4
5 13.5 130 137
; 13.4 134 13.2 13.3 158
. . ; 13.3 . .
'1(1)—14 13-4 ’ 13.5 27.2
16 13.7  14.1 wo g
; .9 ;
July ;? 13.5 15.1 15.1 15.1
25 11.0
26 13.9 8.1
17 15.1 14,6 9.3
28 16.3
15.5 15.0 14.8 15.7 15.5 14.9 . _
+ - - - - - = 6.6 16.4
4 15.8 15,5 154
5 15.5 15.5 15.7
8 10.5
9 16.5
12 17,0  16.9 16.8
13 16.9 16.8 16.5
August 24 19.5 19.5 '18.9
26 19.6 19.6 19.5
2? 9.0 18.7
28 15.7 18.5 18.3 10.8
29 18.3  18.3
30 18.1
31 19.2 18.9
18.9
I 19.7 20.1 19.7
September 9 19.5
10 11.2 19.4 18.0
Mean 17.4 175 16.5 15.4 15.3 17.7 16.3 15.4 16.?2 1.0 614.0 .16.30 16.8 - - - ___

Statlons 1-14 occur in nearshore waters of eastern Norton Sound from Tolstoi Point to Cape Denbigh,
Station 15 was in Golovin lagoon near the village of Golovin.

Station 16 was at the jetties in Nome,
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Table 35. Finfish catches of variable mesh gillnets during offshore sampling in Norton Sound from June 22 through
July 12, 1977.
Hours Station Surface
Time of Fished Depth Water Catch
Station Date Set (1/10) (1/10 Fathoms) Temperature (C) PH BC AC (¢S SS SF PS CT
G 1 6/22 2125 9.7 13.0 8 103 3
G 2 6/23 2035 11.0 6.5 8 |
G 3 6/24 2000 4.2 6.0 13 9
G 4 6/25 0040 5.5 6.5 12 10
G 5 6/25 1830 1.8 8.0 15 ] 1
G 6 6/26 2040 9.8 6.0 13 4 2
G 7 6/27 2035 0.8 11.0 14 2 1
G 8 6/28 2045 1.0 9.0 6 4 1 1
G 9 6/30 2240 8.6 10.0 3
G 10 /1 2100 2.8 10.0 6 1
G 11 7/2 2300 9.5 5.0 11 1 ]
G 12 7/3 1055 5.4 2.0 8 6
G 13 7/3 1745 13.8 5.0 12 |
G 14 7/4 1525 4.3 2.5 9 1
G 15 7/5 2100 10.8 3.0 8 | |
G 16 7/6 0945 23.0 3.5 7
G 17 /7 1945 12.5 20.0 5
G 18 7/8 2015 11.1 18.0 4
G 19 7/9 1905 12.5 14.0 13 4 |
G 20 7/10 2000 11.0 8.5 14 156 1 3 1
G 21 7/11 1930 12.1 7.0 13
G 22 7/12 1945 11.7 8.0 15 21 | !
Ave. 10.6 Ave. 8.3 Ave. 9.9 315 5 11 2 2 8 1 1
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Table 36.

surface waters of Norton Sound from June 22 through July 12, 1977.

Mean length (mm) and weight (gins) of herring captured with gillnets in the offshore

Age Class

Stations Il [V Vv Vi VII ALl IX X Total
Gl 1 ength 222 235 245 255 264 268 245
H=101 weight 141 169 196 221 243 261 197
G2-G19 length 181 225 225 262 256 271 235
n=35 weight 65 127 124 199 201 222 156
6G20-G21 length 176 196 218 225 232 237 262 244 224
n=155 weight 64 88 124 137 150 160 212 175 135
G22 1 ength 173 183 176

n=20 weight 63 76 66




Table 37. Relative maturity (percent composition) by gillnet
station of herring captured in offshore surface waters
of Norton Sound from June 22 through July 7, 1977.
Relative
Maturity Gillnet Station Total
Index 1 3 4 6 19 20 22 Percent
Virgin 1 0 0 0 0 0 0 0 0
Herring 2 0 71 100 33 0 8 44 13
Pre- 3 4 0 0 0 0 34 31 21
Spawners 4 30 0 0 0 0 0 0 10
Spawners 5 66 29 0 3 0 0 23
6 O 0 O 4 0 O 0 1
Post- 7/ 0 0 0 0 0 3 0 2
Spawners 8 0 0 0 0 100 55 25 30
Sample 81 7 10 3 1 125 16 100




Table 38. Relative maturity (percent composition) by age class of herring
captured in offshore surface waters of Norton Sound from June 22
through July 7, 1977.

Relative

Maturity Age Class Total
Index [T v v VI VIl VI IX X Percent
Virgin 1 0 0 1) 0 0 0 0 0
Herring 2 100 30 17 8 3 6 0 17 14
Pre- 3 o 20 23 27 17 17 18 17 21
Spawners 4 0 0 5 14 23 8 18 17 10
Spawners 5 0 0 N 14 34 583 55 50 23
6 0 0 1 0 0 0 0 0 TR
Post- 7 0 0 1 3 3 3 0 0 2
Spawners 8 0 50 42 35 20 8 9 0 30

Sample 4 20 94 37 35 36 11 6 100
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Table 39. Selectivity of gilinet mesh size on finfish captured in the offshore surface waters of
Norton Sound from June 22 through July 12, 1977.
Mesh size Total weight Total catch Catch by species
(M) al | species (kg) all species PH BC AC CS SS PS SF CT
25 0.02 1*
38 6.19 68 63 3 1% 1*
51 33.36 216 213 3
64 14.38 48 39 1 3 5
76 10.28 7 1 2 1 3
102 2.12 3 3
114 4.00 1 1
133 1
Total 70.36 345 315 5 11 2 2 | 8

* Indicates juvenile fish.



Table 40. Frequency of occurrence (percent) of species encountered with a
surface tow net in the offshore waters of Norton Sound from June 22
through July 12, 1977.

Number of tows Frequency of
captured in occurrence (%)
Finfish
Larval fish 55 66
S9 8 10
SF 5 6
WF 3 4
Sc | 1
Ps 1 1
Lamprey 2 2
Miscellaneous species
Jelly fish 49 59
Snails 12 14
Larval crabs 4 5
Polychaete worms 2 2
Shrimp | 1
Nudibranchs 2 2
Unidentified crustacea 3 4
Unidentified mollusks 1 1
No Catch 5 6

192



Table 41. Catch by species and sample station of fish captured in the Yukon River 101 kilo-
meters upriver from Flat Island from June 7-July 7, 1977.

) Species 1/—sH L NS. Grand
Station cS SS KS PS Wsp.— Total Lamprey Total
| 36 1 1 2 234 24 100 1 399 2 401

2 45 2 237 23 88 395 395

3 47 2 2 205 19 53 328 2 330

4 29 4 1 102 7 55 198 198

5 25 2 80 10 37 154 154

6 45 1 115 11 39 211 211

I 20 1 1 1 63 2 14 102 102

8 28 2 1 57 1 34 123 1 124

Totals 275 4 14 6 1,093 97 420 1 1,910 5 1,915

1/ Wsp - represents whitefish species.



Table 42.

Catch by date of juvenile finfish captured in the Yukon
River 101 kilometers upriver from Flat Island from June
7 through July 7, 1977.

Speci es
Date CS SS KS PS  Wsp+ SH LL NS 1 amp.
6/7 |
8 }1 1 3
9 5 |
108/ e — — e — — — - -
11 29 1 2 2 2
12 27 2
13 36 1 1 1
14 -———— —— = T T~ - - - - =
15 34 2
16 21 |
7 ——e————— = — — — - -
18 26
19 _——— = - - T = - - - -
20 12 1 1
21 15 1 1
22 3
23 24 20 |
24 12 | 36
25 TT T e e — e — — — & -
26 2 1 46
27 6 54 !
28 00 ———— = = - —— — — -
29 -_ - - - - -/ - - - - =
30 T —— - 7T = = T~ - -
7/1 114 26
2 1 197 10 42
3 162 21
4 | 206 23 1::
5 89 12 62
6 70 10 42
7 | 98 21 53
Total 275 4 14 6 1,093 97 420 1 5
1/ Wsp. - Whitefish species.

/ Dates not fished.
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Table 43. Sample size, range, mean length, and standard deviation of finfish captured in the
Yukon River 101 kilometers upstream from Flat Island from June 7 through July 7, 1977.

Additional Samples

Fork Length Mean Fork Standard Sample  Fork Length

Species Sample Range (mm) Length (mm) Deviation Range (mm)
CS smelt 265 31-58 41 4.8
KS smelt 14 75-112 96 12.1
Ps Smelt 6 32-42 35 -
SS smelt 4 46-54 50 --
SH juveniles 92 35-74 56 7.5
Wsp. juvenilest/ 89 20-51 34 7.1 468 20-45
LL juveni]esg/ 35 18-32 23 3.4 88 19-25
Lamprey 5 120-140
BW 1 120
NS 1 49

1/ Wsp. - whitefish species

/ An additional specimen measured 105 mm.



Table 44 . Subsistence fishery resources of selected coastal villages In Norton Sound anti kotzebue
Sound.  Information from 1976 OCS subsistence surveys.

3 o P
2 = w e w
" E .w Lowed 'ﬂJ
.ﬂ’ o - g 8
. & v £ & % e 5 g
2 bod o > . & - = £ S
® a v g 2 = o ° = & s & a
Q L. o (8] wvr o > | =4 v > © v Kad £ o
o w Y Lt Ll (3} . hat = (8] o > + M - v © $.
£ ] 2 2 g ‘% = b A - 3] Ol % 32 ¥ 2 = g °©
T s ] S » ) i ] » ] v @ = = 5] 2 o o
t ] % Q 18 E Ml - : i 4 o *g > N o 2 kA g S E
Village £ & - o = < £ S8 Al 2 & 8 2 & & 2 & =Z w O %
T T T N R
Stebbins Sp N ] Su Su,F Su, F Su X X F  F
St. Michael 5p ] i Su,F
Unalakleet Sp ( W |5 |Su,F[S, F |Su,f Sp
Shaktoolik Sp K w Su Su,F | Su, F Su,F
Koyuk* X X X X X
Moses Pt. Sp ,u |W.Sp[Su |F s, F [F,W Su F X
— Elim Sp S5p, Su W,S1 | Su F Su,F F,W Su F X X
> Golovin Sp.F [ X W W | su, FR|F X Sp
Nome* X X X X ‘ Su]—’ W
Teller sp,F |Sp,F | W Su | Su,F|Su,F [ S, s,Fu| X Fol x X
Shishmaref F,W,Sp| S, s.Fu| F. | F F Fo-]x %, W F.M
Deering Su,F Su,F ] Su Su,F | Su, F Sp, N Su ol X
Buckland su,F | Sp w Su,F| Su,F| Su,F |F Su, F X X X
Kotzebue* X X X X X X
.Pt. Nope” X X X

*  Villages that were not included in 1976 0CS survey. Information from ADF&6 files.
1/ Capelin are taken in Nome onlyin some years.

Code: Sp - Spring (3-4 weeks immediately following ice breakup)
St - Summer
F - Fall $3 4 weeks immediately éorecedlng ice freezeup)
W - Winter (ice freezewr O ICE breakup)
X - Resource used for subsistence. Dates of harvest not obtained.

Various species of salmon are utilized by all villages for subsistence purposes.
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Table 45.5tandard length comparisons of Pacific herring from selected Bering Sea areas.

Norton Sound

Yukon-Kuskokwim River Delta and Bristol Bay

C?ggs Claprzrntce Goég;fn Migﬂéels ‘\Iigliasr?é' Go%g;ews Togia< Area Alask’\zliorlggninsula
1977 1977° 1/ 1968 1976 1976 1968 19969 1974 1976 1977 1976

0 90 &/ 50 ¥

1 114 150 151

2 159 175 141 156

3 164 184 200 219 216 203 209 182

| 173 198 208 728 222 238 245 217 217 229 205

5 183 219 221 23 222 253 256 234 244 232 216

6 200 225 231 248 246 262 277 249 237 248 230

7 202 240 236 267 288 212 280 261 286 268 262

8 204 252 244 217 281 282 290 267 281 276 256

9 207 259 250 295 284 289 314 275 291 276 261

10 211 272 244 263 297 303 268 290 211 265

1 229 260 300 305

12 228 275 305 312 302

13 228 302 310

14 244

15 240 330
Sample -
size 834 472 350 45 56 673 403 451 54 2,670 1,198

1/ Includes offshore herring samples collected in eastern Norton Sound in June.

2/ Measurements taken from September 29 to October 5.

3/ Measurements taken on September 8.
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Table 46. Standard length comparisons of herring from selected Pacific Ocean and Bering Sea areas.

Age Port Eastern Yukon-Kuskokwim North Alaska Prince William Southeast British
Class Clarence  Norton Sound Delta 3/ Togiak3/ Peninsula4/ Sound 5/ Alaskab/ Columbia®/
0 901/ 502/
1 14 150 151 148
2 59 175 141 156 152 186
3 64 184 210 209 182 177 176 194
4 73 203 225 229 205 189 198 203
5 183 223 227 244 216 199 207 215
6 200 228 247 255 230 209 223 220
7 202 238 278 273 262 214 222 223
8 204 248 279 279 256 221 238 220
9 207 255 290 289 261 231 236
10 211 258 263 286 265 237
11 229 260 303 215
12 228 275 306
13 228 306
14 244
15 240 330
Sample 834 822 101 4,257 1,198 417

1/ Measurements taken from September 29 to October 5, 1977.
2/ Measurements taken on September 8, 1977.

3/ Data from Barton et al. 1976.

4/ Data from Warner and Shafford 1977,

5/ Data from Fridgen, personal communication.

6/ Data from Randall 1975.
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Table 47. Variation in number of herring vertebrae from samples collected at selected sites along the
North American Pacific Coastline (data from Rounsefell, 1930).

Probable Standard Deviation
Area Locality Number Mean Error of Distribution

California San Diego Bay 408 50.68 0.023 0.691
California Monterey Bay 89 51.03 0.06 -

California San Francisco Bay 820 50.78 0.019 0.797
Washington Puget Sound 100 51.71 0.052 0.758
British Columbia South British Columbia 1,263 51.78 0.01 "

Southeastern Alaska Gravina Island 50 52.32 0.075 0.786
Southeastern Alaska Craig 344 52.40 0.026 0.712
Southeastern Alaska Larch Bay 463 52.66 0.021 0.681
Southeastern Alaska Tebenkof Bay 683 52.68 0.018 0.683
Southeastern Alaska Point Gardner 352 52.72 0.023 0.634
Southeastern Alaska Whale Bay 25 52.92 0.078 0.580
Southeastern Alaska Stephens Passage 962 52.36 0.017 0.769
Southeastern Alaska Yakutat Bay 52.48 0.163 0.205
Prince William Sound Puget Bay 1;? 52.45 0.038 0.750
Prince William Sound Elrington Passage 401 52.76 0.024 0.719
Prince William Sound Macleod Harbor 367 52.72 0.027 0.755
Prince William Sound Snug Harbor 322 52.55 0.029 0.772
Prince William Sound Eshamy Bay 150 52.83 0.035 0.636
Prince William Sound McClure Bay 224 52.90 0.030 0.657
Prince William Sound Naked Island 138 52.80 0.040 0.693
Prince William Sound Port Fidalgo 137 52.44 0.040 0.692
Cook Inlet Dogfish Bay 100 52.50 0.051 0.763
Cook Inlet Kachemak Bay 740 52.76 0.031 0.790
Kodiak Shuyak Strait 531 52.72 0.022 0.757
Kodiak Zachar Bay 87. 52.85 0.048 0.670
Kodiak Shearwater Bay 165 52.91 0.041 0.776
Kodiak O0ld Harbor 115 52.95 0.050 0.790
Alaska Peninsula Chignik 107 53.33 0.053 0.806
Alaska Peninsula Shumagin Islands 456 54.67 0.029 0.928
Alaska Peninsula Belkofski Bay 8 53.13 . -

Alaska Peninsula Unalaska 183 53.22 0.032 0.650
Norton Sound Golovin Bay 140 52.79 0.038 0.671
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Table 48. Rank order by frequency of occurrence (percent) of the 20 most comon
species captured in beach seines in the nearshore waters of Norton

Sound, 1976-1977.

All areas Golovin Bay South and eastern Pt. Clarence

Rank Species combined area Norton Sound Area
1 Boreal smelt 44,2 31 75 32
2 Saffron Cod 42.4 37 48 48
3 Bering cf sco 42,1 41 51 33
] Starry flounder n.a4 52 34 27
5 Ninespine sticklebacks 25.5 31 16 25
6 Pond smelt 24.1 15 17 57
7 Sand lance 23.1 34 3 24
8 Arctic flounder 23.0 25 39 14
9 Tubenose poacher 23.0 3 14 16
10 Least cisco 22.7 25 13 25
1 Sculpins 20.1 19 12 19
12 Pink salmon * 16.2 25 10 5
13 Humpback whiteti sh 15.5 23 12 3
14 Chum salmon * 15.1 23 9 6
15 Broad Whitefish 12.6 15 9 13
16 Pacific herring* 1.2 1 27
17 Bering poacher 1.2 6 18

18 Threespine sticklebacks 6.5 1 n
19 Arctic char 6.1 9 4 3
20 Pricklebacks 5.0 18

* Indicates juveniles.
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Table 49. Rank order by frequency of occurrence (percent) of the 20 most common
sgeues captured in variable mesh gillnets in the nearshore waters
of Norton Sound, 1976-1977.

, All areas  Golovin Bay South and eastern Pt. Clarence

Rank Species combined area Norton Sound Area
! Saffron cod 30.8 35 25 38
2 Starry f 1 ounder 24.6 24 23 32
3 Pacific herring 21.0 16 19 32
4 Least cisco 20.7 21 20 23
5 Bering cisco 20.3 14 24 24
6 Arctic char 141 10 20 9
7 Boreal smelt 131 8 17 16
a Humpback whitefish 10.8 18 6 8
9 Arctic flounder 9.4 8 12 7
10 Sculping 7.4 9 5 10
1? Broad whitefish 4.7 8 2 7
12 Pond smelt 4.4 3 3 13
13 Whitespotted greenling 4.1 10 1

14 Yellowfin sole 4.1 3 6 1
15 Rock greenting 4.0 TR 6 7
16 Pricklebacks 2.3 5

17 Pacific herring * 1.2 1 6
18 Round whitefish 1.2 1 5
19 Bering poacher 1.0 TR 2

20 Sturgeon poacher 0.6 1 TR

* Indicates juveniles.



Table 50, Rank order by frequency of occurrence (percent) of the 10 most
common families of fish sampled in Norton Sound with beach seines
and variable mesh gillnets, 1976-77.

Beach seine % Rank % Gillnet
Coregonidae 96 1 58 Coregonidae
Pleuronectidae 71 .2 39 Pleuronectidae
Osmeridae 69 3 31 Gadidae
Gadidae 42 4 22 Clupeidae
Salmonidae Y 41 5 17 Osmeridae
Gasterosteidae 32 6 15 Salmonidae 1/
Agonidae 31 7 8 Hexagrammidae
Ammodytidae 23 8 7 Cottidae
Cottidae . 20 9 2 Stichaeidae
Clupeidae \ 10 10 2 Agonidae

1/ Includes only Arctic char and juvenile salmon. Adult salmon are not included.
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Table 51. Abundance of Bering cisco captured in the nearshore waters of Norton Sound, 1976-77.
SAMPL ING PERIOD
1 11 111 v v VI VI VI X
AREA 76 77 76 76 77 76 77 6 77 7 77 76 77 f 7 77
BEACH SEINES *
A - 7.2 0.3 06 01 .0 - 3.8 - 24 1.4 4.8 1.0 5.9 1.0
average 7.2 0.3 0.4 1.0 3.8 1.9 2.9 5.9 1.0
8 15 - 20 - 26 - 1.2 14.7 2.3 - 4.2 - - - - - - -
average 1.5 2.0 2.6 8.0 2.3 4.2 - -
c 1.5 01 - 0.9 - 2.8 5.0 5.4 - 13.7 - 40 - - - - -
average 1.5 0.1 0.9 3.9 5.4 13.7 4.0
D 0.0 - - - - 0.0 - - - - - - - - - -
average 0.0 0.0 -
6 - 0.2 5.3 - - 0.6 - - 0.2 - -
average 0.2 5.3 0.6 0.2
H 6.6 6.3 - - 0.0 0.0 - - 1.3 0.0
average 6.6 6.3 0.0 0.0 1.3 0.0
oo | - - 17.6 - - 2.3 - - 0.0 - -
S average 17.6 2.3 0.0 -
GILLNETS *
A 0.3 0.2 0.2, 0.1 01 - 0.04 - 0.2 0.1 0.4 0.2 0.5 0.0
average 0.3 0.2 2 0.1 0.04 0.2 0.3 0.5 0.0
8 0.4 0.7 - 0.7 - 03 05 0.5, 15 0.5 - - - - - - -
average 0.4 0.7 0.7 0.4 .0 0.5 - -
c 0.0 0.7 - 21 - 04 19 0.4 1.5 0.5 - 03 - - - - -
average 0.0 0.7 2.1 1.2 1.0 0.5 0.3 -
D 0.0 - - 02 - 0.3 19 0.3 15 - - - - - - - -
average 0.0 2.1 11 0.9 -
¢ 0.1 - - 0.1 - - 0.3 - - 1.0 - -
average 0.1 0.1 0.3 - 1.0
H - - 2.4 0.0 0.0 0.7 - - 0.5 - 0.6
average 2.4 0.0 0.0 0.7 0.5 0.6
1 - - - - - - 1.2 - - 2.7 - -
average - 1.2 2.7

*CPUE equals fish per net hour & fish per set for

gillnets and beach seines, respectively.



Table 52.

Abundance of least c¢isco captured

in the nearshore waters of Norton Sound, 1976-77.

SAMPL ING PERIOD
1 11 111 Iv v Vi Vil VIl Ix
AREA 76 77 76 7 76 " 76 77 76 77 76 7 76 76 77 76 77
BEACH SEINES *
A 1.3 1.9 0.1 0.6 1.8 - 23.2 - 0.4 40.9 0.8 34 3.7 i.3
average 1.3 1.9 0.4 11.8 23.2 20.7 2.1 3.7 1.3
B 0.5 0.0 - 0.0 - 1.0 o7 0.0 - 0.2 - - - - -
average 0.5 0.0 0.0 0.9 0.0 0.2
c 0.0 0.1 - 2.4 - 0.2 0.0 0.0 - 2.9 - 1.5 - - -
average 0.0 0.1 2.4 0.1 0.0 2.9 1.5
0 0.3 - - - - - 0.0 - - - - - - -
average 0.3 0.1 2.4 0.0
G - - 3.4 0.3 - - - - 1.6 - - 0.0
average 3.4 0.3 = 1.6 0.0
H - - 0.0 1.3 - - 0.0 0.0 - - 0.0 0.0
average 0.0 1.3 0.0 0.0 - 0.0 0.0
o ! - - - - 17.6 - - - - 24.0 - - 0.0
S average 17.6 24.0 0.0
o~
GILLNETS *
A 0.1 0.2 0.5 0.1 1.V - 0.2 - 0.6 0.5 0.4 0.8 2.5 0.0
average 0.1 0.2 0.3 1.1 0.2 0.6 0.6 2.5 0.0
B 0.5 0.0 - 00 - 0.1 1.2 04 03 03 - - - - -
average 0.5 0.0 0.0 0.7 0.4 0.3
c 0.1 0.3 - 02 - 02 16 0.1 0.0 0.05 - 0.1 - - -
average 0.1 0.3 0.2 0.9 0.1 0.05 0.1
D 0.8 - - 0.2 - D.3 0.4 0.3 - - - - - - -
average 0.1 0.2 0.4 0.3
¢ - - - 2.0 - - 0.0 - - 1.0 - - 0.1
average 2.0 0.0 1.0 0.1
H - - - - 2.9 0.6 0.0 0.3 - - 0.2 0.0
average 2.2 0.6 0.0 0.3 0.2 0.0
I - - - - - - - - - - 3.0 - - 4.0 -
average 3.0 4.0

*CPUE equals fish per net hours

and fish perset for

gillnets and beach seines, respectively.
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Table 53. Abundance of boreal smelt captured in the nearshore waters of Norton Sound, 1976-77.

SAMPLING PERIOD

I 11 I v v VI \all VIl IX
AREA 76 7 76 77 76 77 76 77 76 77 76 77 76 77 7 7
BEACH SEINES *

A 1.4 3.3 4.6 0.0 113 - 343 - 32.1 25.2 3.7 0.2 ) 1.4 7.0
average 1.4 3.3 4.6 11.3 34.3 28.7 1.9 1.4 7.0

B 9.5 33 - 103 - 49.3 21.3 193 - 146 - - - - - -
average 9.5 3.3 10.3 35.3 19.3 14.6

c 0.0 29 - 1073 - 55.4 8.0 61.4 - 63.6 - 45 - - - -
average 0.0 2.9 107.3 31.7 61.4 63.6 4.5 -

D 0.7 - - - - 0.0 - - - - - - - - -
average 0.7 0.0 - -

¢ - 6.2 0.0 - - - - 0.5 - - 0.6 -
average - 6.2 0.0 0.5 0.6

H 1.6 0.0 - - 0.3 1.0 - - 5.5 7.8
average 1.6 0.0 - 0.3 1.0 5.5 7.8

1 - - 9.6 - - - - 2.7 - - 0.0 -
average 9.6 - 2.7 0.0

GILLNETS *

A - 0.0 00 . 000.1 00 - 00 - 0.04 0.1 0.0 0.2 0.2 0.4
average 0.0 0.0 0.1 0.0 0.0 0.1 0.1 0.2 0.4

B 0.0 05 - 2.4 06 03 04 03 0.1 - - - - - -
average 0.0 0.5 2.4 0.5 0.4 0.1

c - 0.0 38 - 49 - 0.9 0.1 8.1 00 0.3 - 0.1 - - - -
average 0.0 3.8 4.9 0.5 4.1 0.3 0.1

0 0.0 - - 0.5 02 00 0.02 - - - - - - - -
average 0.0 - 0.5- 0.1 0.02

¢ - - 0.7 - - 0.0 - - 0.0 - - 0.5 -
average 0.7 0.0 0.0 0.5

H - - - - 23.0 0.0 0.0 0.0 - - - 0.4 4.0
average 23.0 0.0 0.0 0.0 0.4 4.0

I - - - - - - - - - - 0.0 - - 0.0 -
average - - 0.0 - 0.0

*CPUE equals fish per net hour and fish per set for gillnets ana beacn seines, FESpectivery.



Table 54. Abundance of Pacific herring captured in the nearshore waters of Norton Sound, 1976-77.
smPLING PERIOD
1 11 111 v v VI VI viii X
AREA 76 71 6 7 76 77 76 77 76 77 76 7
BEACH SEINES *
A 0.1 - .0 0.0 0.0 0.0 - 0.0 - 0.0 0.0 0.0 12.0 - 0.3 0.0
average 0.1 0.0 0.0 0.0 0.0 0.0 6.0 0.3 0.0
B 0.0 00 - 00 - 000.3 32.0 - 0.2 - - - - - -
average 0.0 0.0 0.0 0.2 16.0 0.2 -
c 0.0 0.0 - 0.0 - 0.2 1.5 0.0 - 0.1 - 0.0 - - - -
average 0.0 0.0 0.0 0.9 0.0 0.1 0.0
D o.o - - * - - 0.0 - - - - - - - - -
average 0.0 0.0
6 3.8 0.0 - - - 2.5 - - 0.7 -
average 3.8 0.0 2.5 0.7
H - 0.0 - 39.5 1.0 53 0.0 0.0
average 0.0 39.5 1.0 5.3 0.0 0.0
S I - - 74 40.7 0.0
& average 7.4 40.7 0.0
GILLNETS *
A 0.6 1.7 0.03 1.2 0.0 - 0.0 - 0.0 0.0 0.1 0.5 - _ 4.7 0.5
average 0.6 1.7 0.6 0.0 0.0 0.0 0.3 4.7 0.5
B 1.7 11.8 - 1.1 - 0.4: 0.3 0.1 0.0 0.1 - - - - - -
average 1.7 11.8 1.1 0.4 0.05 0.1
c 0.0 7.9 - 2.4 - 0.6 0.0 0.0 0.0 0.0 - 0.0 - - - -
average 0.0 7.9 2.4 0.3 0.0 0.0 0.0
D ? 1.3 - - 1.6 - 1.1 0.5 0.12 ----- - - - - -
average 1.3 1.6 0.8 0.12
G - - 92.5 - - 0.0 - - 0.9 - - 1.1 -
average 92.5 0.0 0.9 11
H - - - - 48.9 0.0 0.0 0.6 2.7 05
average - 48.9 0.0 0.0 0.6 2.7 0.5
1 - - 3.8 3.2
average - 3.8 3.2

*CPUE equals fish per net hour and fish per set for gillne t and beach seines, respectively.
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Table 55. Abundance of saffron cod captured in the nearshore waters of Norton Sound, 1976-77.

SAVPLING PERIOD

1 11 111 v v VI VI VI X
AREA 76771 7% 77 76 77 76 77 76 77 76 77 ()

BEACH SEINES *

A 0.3 1.0 1.7 0.1 2.8 - 36.9 - 24.0 22.1 4.8 13.0 - 1.7 2.7
average 0.3 1.0 0.9 2.8 36.9 231 8.9 1.7 2.7

8 0.5 0.0 - 2.1 - 15.0 124.7 0.7 - 2.8 - - - - - - -
average 0.5 0.0 2.1 69.9 0.7 2.8

c 0.3 0.0 - 3.5 - 34.2 15.3 30.8 - 270 - 29,0 - - - - -
average 0.3 0.0 3.5 24.8 30.8 27.0 29.0

D 0.0 - - - - 0.0 - - - - - - - - - -
average 0.0 0.0 - -

6 - - 0.0 2.3 - - - - 25.5 - - 2.1 - -
average 0.0 7.3 25.5 2.1

H - - 0.0 1.0 - - 0.0 0.5 - - 0.3 0.3
average 0.0 1.0 0.0 0.5 0.3 0.3

! - - - - 0.0 - - - - 2.0 - - 0.3 - -
average 0.0 - 2.0 0.3

GILLNETS *

A 0.8 0.5 0.7 0.4 1.0 - 0.2 - 0.6, 0.4 1.0 1.4 3.0 1.0
average 0.8 0.5 0.6 1.0 0.2 5 1.2 3.0 1.0

8 - 0.3 1.9 - 0.6 - 0.5 0.7 0.8, 0.0 0.6 - - - - - - -
average 0.3 1.9 0.6 0.6 A 0.6 -

c 0.2 0.9 - 1.0 - 0.2 0.1 0.2 0.0 0.3 - 1.7 - - - - -
average 0.2 0.9 1.0 0.2 0.1 0.3 1.7

D . 1.1 - - 1.0 - 0.5 0.1 0.2 - - - - - - - - -
average 1.1 1.0 0.3 0.2

6 - - 3.9 - - 0.5 - - 1.4 - - 0.8 - -
average - 3.9 . 0.5 1.4 - 0.8

H - - - - 5.4 0.4 0.0 0.4 - - 0.5 14.8
average 5.4 0.4 0.0 0.4 0.5 14.8

! - - - - - - - - - - 3.0 - - 2.0 - -
average 3.0 2.0

*CPUE eauals fish per net hour and Tish per set for gillnets and beach seines, respectively.
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Figure 24. Relationship between fork length and standard length of Pacific

herring captured in fielovin Bay June through October, 1977.
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Figure 36. Length frequency (percent) of humpback whitefish by gear type captured
in nearshore waters of Norton Sound from June through October, 1977.
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shore waters of Norton Sound, 1977.
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Figure 44. Mesh selectivity of gillnets to age classes of
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Sound from” June 22 through July 12, 1977.
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“igure 48. Larvae distribution in the offshore surface waters of Norton *Sound June 22 through July 7, 1977.
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Figure 51. Timing and abundance of chum salmon smelt down the Yukon River
101 kilometers upriver from Flat Island in June, 1977.
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